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P^IE^^ACE 

* 


,In the summer oJ 1861 I had •the pleasure 
of spending a short holiday in Switzerland 
with Huxley and Tyndall. Tyndall and I 
ascended the Galenstock, and parted with 
BenSn (who alfterwards lost his life on t'he 
Haut de Cry), up the Jupgfrau, but were 
stopped by an accic^ent to one of our porters, 
who fell intg a deep crevasse, ftoni which we 
^ad some difficulty iff extricating him, as 
X ,'ndall has graphically described in his 
Hours of Exercise on the Al/ps. 

From that day to this’ many of n\y 
holidays h’ave been spent in the Alps., On 
them I*have enjoyed many and. many delight¬ 
ful days; to them I o^| much health and 
.happine^, nor must I’omit to express 
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*fo •the intere|iting projjiems presented by 
physical ^ geography of the '^couatry. I 
4onged to i^now what ^ forces had raised the 
fnountams, had hollowed out the takes, and - 
dfre^ted the rivers. During all my holidays*’ 
these questions have occupied my thoughts, 
and I have read mli6h what has been 
witten about them. ' Our knowledge is 
indeed •very •Incomplete, many problems still, 
baffle* the greatest Geographers, as to others 
there is still much difference of opiaion. 
Neverttieless an immense fund of information 
has been .gathered together; oh many points 
there is a fair concensus of o^pinion amongst 
those best qualified to judge, and even where 
great authorities differ a short ,^tatement of 
their views, ^n a form®which might be u,s.efuj 
to those travelling in Switzerland, could harcihr 

O « -**■*•*. - ' 

fail to be interesting and instructive. No 
sqch book is* however, in existence. I urged 
Tyndall and several others far bettor qualified 
tlban I am myself, to give us such a t^olume, 
feeling sure that it^.Would be welcome to our 
countrymen, and add bqfh *to the ^pleasure 
and to th^interestcof their Swiss trips. They 
wer^, all, ho\^ever^ otherwise occupiecj, but 
they ^nc§uraged,me»to« s^ttempt it, pr^misling 
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me th(?ir valuable assistance, and this nTUst 
be my, exeuee for undertaking* the tasl^ 
jperhaps prematurely. Tyndall^ we have? 
unfortun^ely lost, but Professor Heim and 
•Sir John Evans ^ have been kind eniju^ tS 
take the trouble of looking through, the*proofs, 
and I *am indebted ,to tllfem for many valuable 
suggestions. 

The Swiss Go^rnment have published a 
series of excellent maps, which has •been 
prepared at the cost of the State, under the 
general direction of General Dufour. * There 
is al^o a geological map by Studer aqd Escliter, 
which was admirable at the time it appeared, 
and has in the main stood the test of more 
recent researches. * Studer was in fact the 
father of Swiss Geology; he accumulated an 
r'mmense amount of information which hae 
bfeen most useful to subsequent authors, and ii 
I have not qtioted his researches more often, 
it is becaq^e 1 have been g^xious to give the 
latest authorities. In 1858 he^suggested th|it 
the Dufour map should*]^e taken as the basis 
of** a geological eui^^ey on a larger scale. To 
this the Swiss Goyemm^t asseiy^ed^. they 
voted tihe modest sum of £120, ^nce increased 
to £4^^) a year, and^qpppmted*a Comndssion, 

a 2 ^ 
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fcolftisting of Messrs. B. .Studer, P. Mfbiaii, -A. 
fscher voider Linth, A. i'avrej^aflid E. Desoiv 
dJnder th«i\; super>fision the present ^eologipal 
haap, in twenty-five sheets, has gradually 
^fp^re^: the last being pijblished in 1888* 
on the Very day of StudePS death. 

In addition to the* ^eokJgical maps them¬ 
selves, the* Commission have published a 
splendid serfes of descriptive volumes, over^ 
thirty in number, by A. Muller, Jaccard, 
Greppin, Moesch, Kaufmann, Escher, llheo- 
bald, Gillieron, Baltzer, Fritsch, Du Pasquigr, 
Bucrckhar^t, Quereau, Heim, Sfthmidt, Favre, 
Renevier, Gerlach, Schardt,* Fellenberg, Rolle, 
Taramelli, and others. • 

This is not the place to catalogue the 
separate 'Vqlumes an^ Memoirs on Swiss 
Geology and Physical Geography. Jaccard 
his work on the Jura and Central Switzerland 
enumerates ifo less than 959, but among the 
most important I qjay mention Heine’s magnifi¬ 
cent work, Me^hanismus der Gehirgshildung, 
Studer s Geologic ^dcr Schweiz, Agassiz’s 
Rt'itdes sur les Glaciecs, Suess’s Da6 AntUtz 
/ aer Erde,^, Favre’sjt Rech^rches Geologiques; 
for'jhe fossfls that of Heer; and t^ong 

L. 2. 
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shortef publications^ in addition to those tjy< 
the geologists already referred especially 

those of Bonney, Morlot, Pencky Ramsay ^ 
Rutimeyer, and Tyndall. 

I have dwelt specially on the v^llejs®bf 
the Arve, Rhone •and Rhine, the, Redss, Aar, 
Limmat and Ti»ij:io»aS types of longitudinal 
and cross valleys; * and because they are 
among the districts most freq«ently«i visited. 
They have, moreover, been admiraljly described, 
especially by Favre, Heim, Renevier <and 
Rutimeyer. 

J am fully conscious of the imjjerfections 
of this book; no 'doubt by waiting longer it 
might have been made better; but I should 
have* felt the same'then also, and in the words 
of Favre, “ il h’y a q«e ceux qui n^ font rien 
(<mi ne se trompent pas.” ' 

* lUeh. <Ji’o(. iii. 76. 

High Elms, Down, Kent, 

February 1896. 
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AnchUheriwn. An Eocene quadruped, intermediate J)etween 
the Tapirs and the Equida. They are regarded as ancestors of the 
Horse, 

AnlicUnal, see p. 43. , 

Archaean. The Geological Becord may be classified in '6 
divisions—1, Archmain ; 2, Pateozoic (Ancient Life^; 3, Secondary 
or Mesozoic (Middle Life) > 4, Tertiary; and 5, Quaternary. 

ArgUlaceom Bodt. Consisting of, or, containing, clay. 

Bairachia. The group bf animals to vrhich Frogs, Toads, and 
Newts 'Jelong. * , 

BdemnUes. >Oephalopods ; allied to the Squid and Cuttlefish. 

Bergschrund, see p. 75. * 

BUndnerschie/er, see p. 13. 

, Bunier, see p. 10. 

Carboniferous, see p. 8. 

Cargneule. A I’ook belonging to the l^iassfc period. 

Cleamge, see p. 53. 

Crenaesea, see p. 87. 

Dedcenxhotler, see p. 132. ^ 

Dvnotherivm. A gigantic Mammal belbnging to the Miocene 
period. 

’ DiorUe. > A rock (Sffering froln granite in containing less SilUa 

Dip, see p. 41. 

Dogger, see p. 13. , 

' DoJbmite. Magnesian Limestone. 

Slocene, see p. 17. 

Erratics, see p. 18. 

Eged-Gneiss, see p. 4. 
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F^^ar. Constitutes the largest portion of Pluifonic ai/d 
''olcanic rocks j. anliSrdrous, alumifious/and magnesian Sificates. 

■ Fim, see p. 75. , * 

Flysch, see^p. 18. 

Fold Fault, see p. 43. 

Foraminyfets. A group ui imuiuseupic sneiis. 

^ Oabbro, ?,ee p. 4. A group of coarsely crystalline rocks. 

Oault, r'ee p. 16. , * 

Oeotectonic, se*e p. 137. 

Glacier-Grain, see p. 81. 

Gmias, .see p. C. 

> Granite, see f. 5. 

Hauptdolomite, see p. 11. 

HocKgebirgskalic, see p. 14. 

Hornhlende. A group of Silicates, so called from their horn like 
cleat age, and peculiar lustre. v. 

t Horst, ‘see p. 30. 

Keuper, see p. 10. ' 

Lias, see p.< 12. 

Loess, see p. 109. 

Magma, see p. 4. 

Malm, see p. 14. 

Mastodon. A gigantic quadruped, allied to the Elephant. 
Mesozoic, s e under Archaean.^ *' 

Miocene, seep.'19. 

Mollasse, see p. 19. 

MojfydincU Fold, see p. 41. 

Moraine, see p. ^5. 

^Muschelkalk, see p. 16. 

Nageljlue, see p. 19. < 

Neocomian, see p. 15. 

Hivi, see p. 76. ^ 

NummulUes, see p. 17. i 

^ Orthodase. An original constijiuentc of many crystalline rocks, 
ii;clnding Granite, Gneiss, Syenite, etc. ' 

Ovisrc^, see p. 41. ^ 

PaLxotherivm. ^ Tapir-like Mammal," belonging to the Eocene 
period^'* <- c L- ' 

Falaeotiinc, see under Archaem,. s 
Pcrmianf see p.«10. c ® ' 
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Plagiodaae. A kind of j^elspeft. Tschermak cktractensea 3; 
a mixture of Soda Felspar and Jjime Felspar., 

Plvionic. Igneous rocks which have consoUAated below the 
surface. / 

Porphyry, see p. 6. 

Protoffine, see p. 6. 

Qvartz. A form of Silica. 

Regdation, see p. 85. , 

SMsk A rock which is’split up into thin irr^ular f lates. 

SeoK idary, see under ^chcean. ^ 

Seemn-Limestone, see p.’l^. 

SericUe. A talc-like variety of Mica. 

Serpentine, see p. 6. o 
Slickensides, see p. 49. 

Strike, see p. 41. 

Synclinal, see p. 43. 

Trias, see p. 10. 

T/rgonian, see p. 15. 

PcUangian, see p. .'15. 

Verrueano, see p. 9. 
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CHAFTEE I 

", 

THE GEOLOGY OF SWITZERLAND 


Vidi ego, quod fuerat quondam solidissima tellqp, 

Esse fretum: vidi factas ex sequore terras; 

Et procul a peldgo conchas jacuere marinse. 

' Ovid, Metam. xv. 262. 

Straits have I sden that cover now 
Whclt erst was solid earth ; have trodden land 
Where once Vas sea ; and gathered inland 
Dry ocean shells. , 

Ovid's Metam., trans. by H. Kino. 

The Scenery of Switzerland is so greatly due 
to geological causes, that it^is impossible tcT 
discuss the present configuration of the.sur¬ 
face, without some reference .to its histoiy 
in bygone times. I do hot, however, propose 
to deal with gedlogy fifrther than is necessar}^ 
■for my present purpose, j 

* Tho subject presents very grea* difficulties, 
not only because the higher Regions are so 
much covered with"' snow, j’^ccessiblo ,only 
B ■’ 
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’ for Sl few wepks in thg year, and in ’manj- 
^places covered by accumulations of debris,* 
wit especially because the irbcks have been 
‘•subjected to such extremes of hfeat and 
pressure* that not only have the fossils beep, 
alterefd,^ and often entirely destroyed, but the 
very rocks themselves^ have been bent, fqlded, 
reversed, fractured, crushed, ground, and so 
cpmpletely^ metamorphosed that in many cases 
their whole 6haracter has 'been changed be-, 
yond recognition. 

Igneous Kooks—Gneiss 

e 

To co'mmence with the Igneous series. 
Gneiss, which is dn Switzerland as elsewhere 
the fundamental rock, forpis in great part the 
central ranged, reappearing also hei^ and there 
in other pai^s, as for ifistance on the Rhine at 
Laufen, and would, it is thought, be found 
everywhere if we could penetrate deep enou^. 

Gneiss is Coipposed of Quartz, Felspar, and 
Mica, with a mofe or less foliated structure. 
The Felspar is generally white, but Somfetimes 
gfeen or pink, und has often a waxy lustre; 
the Mica is white, Tirowji, or black. The 
Quartz forms a sort of* paste wrapping round 
the‘other ingredients. 

Ctueiss presents the same’general chamcters 
aU over the world.* .It ,is not all of the ^me 
age, •aild if* sopaV is^ <?oniparatively recent, at 
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• 

any j*ate the olc(,est rock we know is GTneiss* 

• This gwes 4t a peculiar interest?. • The foliar 
tion of Gneiss *is probably of twc^ kinds: 
one duV to pressure,* crushing, and shearing 
of an original igneous rock such a^»Grani4e, 
the other to original segregation-structHfre.^ 

Gneiss,” says ^Bo]^ney, “ may be, if not 
actually part of thO primitive crusj: of the earth, 
masses extruded at a time when jnoiten rock 
could be reached "everywhere n5ar to the sur¬ 
face, and when the process of cooling, even at" 
a very moderate depth, was much slower than 
it became in the ages after the earth had begun 
to*be occupied»by living creatures.”^ 

"the original crust indeed, if we use the 
words in th%ir popular sense to mean the 
supei^ficial layers,* w^as probably more like 
basalt, or ihe lavas of our existing volcanoes. 
Gneiss, on the other Hand, musU have cooled 
and solidified under considerable pressure and 
at a great .depth. When we stand on a bare 
surface of Gneiss we must rem*ember—and^it 
is,interesting to recollect—4;hat it must have 
been* ojriginally covered by several thousand 
feet of rock, all of which hav6 been removed. 

“Probably,” says CTeikie, “the great ma¬ 
jority of geologists now adopt in some ^form 
the opinion, th^t the eldest or so-^lled 

Bdtr. z. Oeol. K. d. Sc7m*Ij. xxiv.; Geikie,* Text-hooTc 
of Geology, f 

? Story of our Plaiut. 
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Arciisean ’ Gn/jisses are, essentially eruptive* 
rpcks. , . Whether they were^^portions of 
^nr original paolten ‘'magma ’ protruded from 
beneath the crust or were produced by a 
recfusion/ of already solidified parts 6f that, 
crust dr* of ancient sediment(x>Ty accumulations 
laid down upon it, mi^t be matter of sp/icu- 
lation.” ^ ^ ” 

On the other hand, Gneiss^ is certainly not 
all of the sanSe age, being in some instances , 
comparatively modern, since it traverses other 
strata. There are, moreover, cases in wjiich 
sedimentary strata have been metamorphosed 
by heat or pressure into a rock which cannot 
mineralogically be distinguished from Gneiss. 

Gneiss presents-many varietieJi. The prin- 
cipal are Granite-gneiss, vhere the schistose 
arrangement is so coarse as to be ^ unrecognis¬ 
able, save in a largd mass of the rock; 
Diorite - gneiss; Gabbro-gneiss, composed of 
the n&aterials of a Diorite or Gabbro, but with 
‘ a coarsely schistose structure ; * Porphyritic- 
‘ gneiss or Eyed-gueiss, in which large eye-like 
kernels of Orthoclase or Quartz are dispersed 
through a finer 'matrix, and represent larger 
crystals or crystalline Wgr^gates which have 
been broken down and dragged along by 
shearing movements 4n the rock. 

Tea^-hook of Geology. 
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Granite 

Gr^ite, like Gneiss, is composed of Quart/,* 
Mica, and Felspar, but differs fromyt in |j.ot 
being foliated. ( 

pranite is a plutonic rock and ^hay be of any* 
age; it often sendS veins into the surround¬ 
ing strata, which it then forces out of position, 
in which case *they show evkience .as they 
approach it of being much altered by heat* 
It ^solidified at a considerable depth belo'vj the 
surface, and its upper portions probably flowed 
olit as lava. , It presents much variation: if 
it ’shows traces ,of foliation it is known as 
Gneiss-granite. Hornblende-granite contains 
Hornblende in addition to the other elements. 
Syemte cp^jsists of Felspar (Ofthoclase) Horn¬ 
blende and a little Qimrtz. Diopt^ differs in 
containing Plagioclase instead of Orthoclase, 
Sind less Silica; if the Felspar crystals are 
large and well defined, it is,known in popular, 
language as Porphyry. I^rotogine, so nanfedr 
because* it was formerly supposed to .be the 
oldest* of all rocks, is a Granite, contaiiling 
Sericite instead of ordihary Mica. 

Granite, like &n5iss, must have solidiffed 
under considerable presstire, and therefoife at a* 
•great depth. In the first placef the crystals it 
ccftitains could not have ’been formed unless 
the j^rocess of coolin^^ had ^been very alow. 
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In ^addition to this, Granite presents a ^reat' 

* number of ^niniite cavities contaijiing^ water, 
li4uefied carboliic acid, and other volatile sub- 

• J^jbances. SoVby, whose main conclusions have 
since beej?. verified by others, has endeavoured 
to "calculate what must have been the pressure 
'under which Granite solidified, by measuring 

the amount of contfactibn* in the liquids 
which have been there imprisoned. He con¬ 
sidered Jbhat* the Granites which he examined 
,.must 'have donsolidated at depths of from 
30,0^00 to 50,000 feet. The more superficial 
layem probably resembled Basalt and Lava. 


S^JRPENTINE 

L 

Serpentine js a compact^ or finely granular 
rock, oliv^-green, brown, yellow, or red, and 
has a more 'or less silky lustre. There has 
been much doubt as to its origin, but it i/3 
now regarded by many geologists as eruptive. 

' T|;iis view is, however, by no means univers- 
' ally accepted, at * least as applying to all 
Serpentines. 

Crystalline Schists 

« c 

Over the Gneiss«lie immense masses of 
Crystalline Sohists, several tliousand fpefe in 
thickness. No'foSsils have been found*in 
them,, though the presende of Graphite and 
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aeam^ of Limestone have been** suppo^d, 

.to indicate ^the 'existence of *ve£^ftable and 
animal life. The more aiicient *were perhap% 
deposited while the waters of the •ocean were/ 
^still at* a high temperature. So ffenerallv 
‘distributed are .these Schists, that in ‘ tEe 
opinion of many geologists they 'everywhere 
underlie the ctth^r ‘stratified formations 

as a general platforfn or foundation. • In 

parts of Switzefland, however^ ^ediipentafy 
'strata have been so much modified by 
pressure, and in many cases by heat, that 
it il very difficult, and sometimes impos¬ 
sible, to distinguish them from the older 
Crystalline Schists. “At one end,” says 
Geikie, “ staiid rocks whiph are unmistak¬ 
ably of sedimentaiy origin, for their original 
beddihg can often be distinctly seen, 

and they also contein organic* remains 
similar to those found in ordinary un¬ 
altered sedimentary strata. At the other 
end come coarsely crystalline •masses, which 
in many respects resemble Granite, and the, 
orfgiMal -character of whicfi is not ob,vious. 
An ap'^arently unbroken gradation can •be 
traced between these eartremes, and the whole 
sA*ies h<is been termed Metamorphic fro/n 
the changed form in whjch its members are 
belwed now to* appear.” Th^ discove^ of 
^ fosiils tas indeed proved tjhaf certain Schists 
are Silurian, others Gevonijin, Garbboi^erQus, 
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Sind •even Jurassic, but no Swiss geologists 
consider that the Crystalline Sphist^ of the 
Central ‘‘ Mafesives of the ‘ !41ps are meta- 
.morphic Mesozoic rocks. ^ The Schists ^e 
generally intensely folded and crumpled. The 
presence of boulders of ^foliated Crystalline 
Schist ' in *the Carboniferous Puddingstones, 
proves that the foliation* «/as original, or at 
least anterior to the Coal period.^ 

The problems, however, Resented by these 
rocks are, &s Geikie says, so many and so 
difficult that comparatively little progree® has 
yet been made in their solution. 

I 

'{hh Carboniferous Period 

The earliest fossiliferoij^ rocks in Switzer¬ 
land belong t(f the Coal or Carboni:^efous period. 
The oldei* Cambrian amd Silurian rocks, which 
elsewhere present so rich a flora and fauna, 
and attain a thickness of many thousand fe€t, 
are perhaps Tepresented in Switzerland by 
Some of the Crystalline Schists, though this 
is not yet certainly proved. 

• A belt of Carboniferous strata extends from 
Dauphind along the Valley of the Is^re and 
Arve, presenting ffissiliferOus deposits*at 
Prevent, Huningen,ietc. It then passes along 
the,lower Valais, and, if the Verrucano.belongs 

Heim, jQtiarl. Jp^^,Oeol. Soc. 1890 . 

* * Int. Ueol. Cong. 1888 . 
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tb thjs period, occupies a consi^eralxle patt of 
•the district ^between the Upper# ilhine and 
the Walensee. *It is deaf, however* and this 
in'deed •Applies to the fossiliferous strata, 
^eneral^, that these beds are only i^ranan^ 
of much more extensive deposits. places 
they, have been removed, and in bthers they 
have been deeply 'buried under more recent 
strata. At the same time much*pf Switzer- 
,land is supposed* to have been* land this 
period, probably forming a lar^e island, or 
islands, while the presence in the Valais ^nd 
the Mont Blanc district, of Puddingstone con- 
tailiing pebbleg and boulders shows that there 
musl have been ^ome high land, *Rnd rapid 
streams. Thft Goal was probably formed in 
deposits somewhat similar to our peat-mosses. 

The v§gptation consisted principally of 
Ferns, Mosses, Clubitiosses (Lycdpodiacae), 
and Equisetums. There appear to have been 
sbme flowering plants, but the blossoms nvere 
probably inconspicuous. Inspctts were repre¬ 
sented by forms resembliijg the Cockroach, 
but theife were no Bees, Flies, Butterflies, 
or Moths. Batrachia make tlieir appearance, 
but there were no Matnmals or Birds. The 
Verrucano, or,* as it ib often called, Sernifil^, 
from the Sernfthal, is •a sandy or p^bly 
depofcit, belonging either to tho close q^ the 
. CaAioniferous or cpmipeh.cement of "the 
Permian period. 
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PERIiflAN * 

During ^the Perihian period also Switzer¬ 
land was partly above the sea-lev§I, partly 
(»vered/by the sea. The land appears*^ to have, 
gradifaily sunk, commencing* in the east, and 
in the , 

TRiASSib 

period, we* find evidence ofi'deep seas, which 
appear to have covered the whole area of 
Switzerland. The name “ Trias ” was given to 
it l)ec§,use in many districts, though not every¬ 
where, it falls into three principal divisions, 
a brown* white, green, or reddish Sand¬ 
stone, known as.the Bunter Sandstone, the 
Muschelkalk or Shelly Jimestone, and the 
Keuper, consisting of marls and limestohes. 

In Sc^itzerland, asi in England, there are 
3onsiderable salt deposits belonging to this 
peried. Another very characteristic rock ‘of 
this age is Gypsum, and the Dolomites also 
belong to this period. Many mineral waters 
spring up from, and owe their properties* to, 
blfe Triassic beds. The Keuper distHcts are 
generally rich, Dolotnites on the contrary 
{ioor, desolate, and often almost* withdut 
vegetation, but v^y beautiful from their 
richness of color, and rugged forms. , # 
llie Muschdlkalk^ is often, as, for instance,. 
on,tlie •Virgloria^ass, «b*lftird black limestone. 
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^ • 

spiiittiijg into thin slabs, which^tak*e a gbocl 
polish an(J are^used for'tables. * • • 

The earliest Mammals • appeared . in thisk 
period. »» • 

^ To the Trias belongs a thick dej^psit oJ^ 
gray, whitish, or yellow Dolomite, sometimes 
compressed into Marble, which is "known as 
Hauptdolomite, andf Especially to the east of 
the Rhine, forms great mountain magses, offcei\ 
presenting the ap{kearance of gigantic oruins. 
It is unfossiliferous. • 

The account here given of the geograpljy 
of Switzerland in past times differs, aa will 
be Seen, considerably from that indicated in 
the fnaps to Heer’s PrimcBval World of 
Switzerland. Prof. Heer regarded the present 
boundaries of the ^different formations as 
indicatfn'g jtl^eir original exteilsion. This 
however is certainly not the gasS. The 
Jurassic strata, for instance, were not de¬ 
posited near any land. There are no shore 
animals nor pebbles, as there must have been 
if they were coast deposits. .. * 

JURASglC 

The principal Jurassic strata in Switzerland’ 
'are the Lias, the Dogger, and the Medm. 
They lattj^in togeth'er a thickness ef over 2§00 
feet.* During this period* Ainmonites and 
Belemnites reached * their fcUest develop- 
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‘ 1116 * 01 , as ajso did the ^eat Sea-feptiltes, 
^ the Ictkyosaurus and Flesipsaufus. At 
\this period flourished the'flying reptiles or 
Pterodactyles, and ^e also meet * the first 
.bird (Archaeopteryx), which difiered* from all 
existing sjpecies, by the ^pessession of a long 
tail, and in other ways. 

Lias 

« 

During'this period the whole of (Switzer¬ 
land appears to have been covered by the sea. 
There must however have been lanS not 
far off, as remains of Beetles, Cockroaches, 
Grasshoppers, Termites, .Dragon-flies, *Bugs, 
and other Insects^ occur in the*Lias of Scham- 
belen, near the junctioij of the Reuss, the 
Aar, and tlfe Limmat, and el§e}vhere. No 
Bees, Butterflies, oi* Moths have been met 
with. 

•It is probable that the Black Forest and •the 
Vosges were’dry land. The Swsiss fossils, how- 
•ever, indicate a ^eep sea. The Lias is a ^ray 
or blackish, calcareous, sandy, or ^^iHaceous 
stratum. The* dark color is probably owing to 
the amount of organic matter which it contains. 
*JIeer suggests that thb best explanation may 
be "afforded by the Sargasso Sea. The Atlantic 
0 <;ean, for am area of about 40,000 squirm miles, 
is covered by* S^trgass 9 -weed so densely* that 
shi{^ •sometiinds find a* dififtculty in forcing 
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^ thBir y^ay through it. The sea ^is (Jeep, 
the fragiijent% of * deaH weed ara •probably 
quite decayed bdfbre they •reach the .bottom,, 
to ^hich 'they would give a dark color. He 
thus expMns the color of this limestone 

The “ Biindner* Schiefer,” which attain a 
thickn^ess of 1500 metres in the GHsons and 
^Valais, are now cdn^dered, from the^ fossUs 
which have been discovered in several places,^ 
tq belong to this phriod. 

Dogger or Brown Jura 

Switzerland was for the most part under 
wat^r at this pei;iod, but that there must have 
been fand in the neighbourhood during some 
part of the time is j)roved by the existence, 
near Porrentruy, of .beds containing several 
species of Limpets (Patella), * Periwinkles 
(Purpura), Mussels (Mytilus), Nerit^s, and 
other shore molluscs. It is probable that the 
Bla’ck Forest and the Vosges were at this period 
also dry land. ’ 

J^alrriy or Upper Jurassic 

The Malm is characterised by a considerable 
development of Coral reefsi^ which often attained 
great thrcknesS. iSettv^een the Corals, which,* 
in some cases still retain thair natural position, 
aref rdRny remains* of Sea-urchins, Spong^es, 
Mollftscs, and some Crjistqcda, united hy cal¬ 
careous cement into a mbre obT less«sohd ipck. 
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they are oftyen beautifully^ preserved, *hav!hg 
^ been embedded in the soft mud«of a,quiet sea, 
jivhich e;i:tended completely *over the central 
Alps. Indeed the ‘southern shdMj of ’the 
Jurassic Sea must, in Heim’s opfhion, Ije 
lool«3^ for in northern A:^i«a. 

The Malm is yellow and white in th§ Jura, 
blue-black in the Alps*;* 1t)y its hard, bare,, 
.ste'eply inclined rocks, and dry sterile slopes, it 
gives.a special character to title landscape, while 
the*Doggef, and still more the Lias, from their 
njimerous marly layers, furnish a very/ertile 
soil. • Where Malm is a dark-bluish, gray, 
conchoidal, calcareous rock, ,it is known as 
“Hochg&birgskalk.” In .the celebrate*d de¬ 
posits of Solenhofen many rerfains of Insects 
occur, including a Moth*, the earliest Lepi- 
dopterous inlect yet known. * 

Cretaceous 

As in the Jurassic period, *80 also in the 
'Cretaceous, Swijtzerland was under the sea. 
To .the east, however, was dry land*. 'The 
(^implete difference between the aninaals of the 
Malm or Upper Jur^tssic, and then of the Neo- 
'^omian or Lower Cretaceous,‘appear to imply/^ . 
a ‘change of conditions or great lapsj of 
time. It was at one time supposed ^that the 
southern shore Of the Swiss Cretaceous Sea 

* Heer, f*i%nceva^ ^orld cf Svritzerlwnd. 
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folloTAQpd a line drawn from thg Walensefe to’ 
Altorf, the Lidse of Brienz and Bex^ hut though 
this is the preSe'nt limit* of the strata they 
once extended much farther, and *have been ^ 
,^emoved by denudation. Heim considers tho^ 
islands began to shoyr themselves in th^i^gion 
of thg Central Alps in Cretaceous times. 

The Swiss Cretaceous strata fall ijato five 
principal divisions, ^’'he first 05 oldest-r- 
Valangian—consists of a dark hard silicious 
and sometimes oolitic limestone* as on* the 
Sent|s, or of bluish gray marls and limestone 
as in the Jura. « 

• 

The Neocomian, from the old name of 
Neuchatel, is sometimes a dark gra^ or black 
hard marl, sometimes a bluish gray marl which 
easily ^disintegrates^ in the air, but contains 
beds of ex<;ellent stone of which* Neuchatel is 
built. 

The Urgonian (so called after the town of 
Orgon, near Arles), or Schrattenkalk, is wMely 
distributed in the Alps. It Js ‘a hard white 
limestone, the surface of which is often ful^ 
rowed b^ innumerable channels, which ‘form 
a perfect labyrinth. It stands in rocky walls 
often several hundred *feet high, and from 
its great' powers of ’resistance often forn^ 
the .ridges and water-shods. It is arid’and 
barren, ofiering a’great contrast* to the .l^Teo- 
comlan, which generally. Bears a luxuriant 
vegetation. ' ' • - • 
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-lie Gault pontains many dark green grains 
which arepa* silicate of protdxide^of ](fon. It- 
forms the^dark band^ which arfe so conspicuous 
^ against the* paler color of the other Ovjtaceo'as 
rpcks. 

The^Seewen Limestone^ so called irom tne 
village of Seewen on the Lake of Lowerz^ cor¬ 
responds to our Chalk, 4n6 like it consists 
ijpainly of ^microscopic* shells. The eastern 
and western ‘parts of Switzerland differ con- 
sidei*cibly id the species. The Cretaceous 
deposits being of marine origin we cannot 
expect to know much of the land animals 
or plants. The forests, however, contaified 
Cycads arfd Conifers, Pines,, Sequoias, etc.*'and 
Dicotyledonous trees now make* their appear¬ 
ance, the earliest being a,*] species resembling 
a poplar fouhd in the Cretacepq^ b^ds of 
Greenlanti. ^ In the Apper Cretaceous strata 
Dicotyledons are more numerous, and it is 
intel^esting to find that they are mostly specilis 
in which the pollen is carried from fiower to 
ffower by the wind, or such as Magnolia, which 
are fertilised by beetles. Bees and Butterflies 
wdre still apparently absent or rare, and hence 
ilso the beautiful flo^frers specially adapted to 
laem. 

Eocene . 

At this period the formation of islands on, 
the si^e-bf the plresenfr i\Sps appears to have 
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cftinii\pnced. Th^ twq principal rocks ox the 

•Eocene period are the NummulitiC ^imestonQ 
and the Flysch.* They re|)resent d^erences t>f , 
cohditicftfrather than of time. Bands of Num- • 
piulitic*Limestone often occur in tlie^Flysch^ 
showing that for »wjiile the sea wa^ favourable 
for ^e development of^ Nummulites. Then 
the conditions changed^ and they disappeared. 
This happened a^ain and again. 


Nummulitic Limestone 

Tte Nummulitic Limestone is so •called 
because it contains numerous Foraminifers, 
the shells of which are in some species so 
flattened that*they resemble* pieces of money. 
In many cases, mor^ver, the size increases the 
reseml>lanc^., The sea in which they lived 
was of great extent. The pyramids are built 
of Nummulitic Limestone, and the Nummul¬ 
ites are traditionally said to be the petrified 
remains of the lentils on whicK the children 
of Israel were fed by Pharaoh. They occur 
also* in A'feia Minor, Persia, on the Himalayas, 
and in lliibet, where they no\V* rise to a height 
of 5000 metres. 

\ysc\ 

* T^ Flysch is *a very remarkable and.dm- 
porttint deposit. The,nai 3 [ie*is a local .Bernese 
expression, which was* ^dojfbgd ‘by Btudfer^ 
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F^ysch is jsometimes marly, sometimos 
^alcareous^^ > sometimes sandy. , It is often- 
^ slaty, and is extensively wdrKed. It attains 
a thickness of nearly 2000 metres., and is 
evidently marine, but except in the slates 
of M^ft, the only fossils found in it have 
been certain impressions which have been 
supposed to be Seaweed^i or perhaps Worm 
burfows. ^AVhat are “^the conditions under 
- which* these'' have been preserved when all 
othe^ organic remains have perished, is a 
mystery. The Flysch mountains present 
.soft cutlines, and their slopes present a' rich 
carpet of vegetation. 

These "are the two pringipal deposits of the 
Eocene period, so far as Bwits^rland is con¬ 
cerned. In other strati numerous fossils 
have been fo\ind, including many Mammalia, 
and even a,Monkey. * 


Miocene 

c 

During this period the main elevation of 
the Alps took ‘^place. We should haturally 
expect that rapid rivers would rush down 
from the heights bringing mtisses^of gravel 
with them, and in fact we find enorm.^^us 
deposits of coarse gravel, often cemented into 
a hard rock, and Containing blocks six inches, 
a foot, and even" sometimes as much as a yard 
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ii> diameter. This conglomerate is Known as 
the iTagglflug, and the materials of which it 
is composed bficbme gradually fingr as we 
reftede ^rom the Alps, forming a more or 
less m^ly deposit known as the Mollass^ 
It attains a gneat thickness; indeed the 
whole of the Rigi from the Lake of lucerne 
to the summit c*orfsists* of Nagelflue. The 
Mollasse is composed* of several^ JepoSit^ 
some fresh-watef,and some murine;, it is 
probable that the conditions ma,f have been 
different in different parts of what are nyw 
the Swiss lowlands. The pleasant scenery, 
of 'central Swjtzerland is greatly' due to* 
the Mollasse. The Freshwater IVftillasse is 
generally soft^ but* the Marine beds afford 
excellent building njp-terials. Large quantities 
are brdugl^ ^to Zurich from thb upper part 
of the lake. It containc beds of br<Wn coal 
and is rich in fossils. Indeed tte deposits 
at Oeningen contain perhaps the richest 
collection of fossils in the wdrld. Taking 
the Miocene period as a jvhole we knovsf 
neafly* lOOO species of plants and lOOd in¬ 
sects ; of reptiles 3‘2 species ‘have been dis¬ 
covered, whereas in Switzerland now there 
are* only 27. As r%atds Mammals 59 have* 
•beS*!^ determined, while at 4 )resent Switzerllind 
conf&is,62; but 'though the numbers are, so 
nearly the same, the species axe all different 
and belong to very difierent ^oups. *Oi the 
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present specifis 15 are bats, but no b^^t has 
been found in the Swiss Miocene*. contains 
on the other hand no less than'25 Pachyderms. 
The Wild Boar is the only present represen'ca- 
tive. of^ the order, but during the Miocene 
period^ Tapirs and tapir-dike Palseotheria, 
the horse-like Anchitherium, two species of 
Mastodgn, the Dinotherium’ and no less than 
5 species gf Rhinoceros, roamed over the Swiss 
woods and plains. Of plants we know already 
1000 species. Many resemble, and are prob- 
abtly ancestral forms of, those now flourishing 
.in very distant parts of the world. Thus there 
are several Sequoias, one of .which (Sequoia 
Langsdorfli) closely resembles the Redwo'6d of 
California, and another (Sequoia Stembergii) 
the gigantic Wellingtoni^. Another species 
resembles the Marsh Cypress of ,tb® southern 
United States. There^are also Australian types 
such as Hakeas and Grevilleas, while Palms, 
LiqUidambars, Cinnamon, Figs, Camphor trees, 
and many other southern forms also occur. 
Of Oaks Prof. Heer has described no less than 
35 species. 

Moreover many of the Miocene plants have 
been found in the far* North, implying a com¬ 
paratively uniform and mild 'climate. Thus*' 
Sequoia Stembergii*is abundant in the lig^^ites ” 
of i^jeland, and^ Sequoia Nordenskioldiha^ 
found in GreenldncJ. As a whole the Flora 
^ resembles l^at^df the “present day, but repre- 
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Suited by types now spattered ewer tJie wrioie 
world, ai^ hae most afi&nity with tlfiat of North, 
America, as it contains ov8r 200 Nojrth Ameri¬ 
can agal^t 140 European types. They have 
^s a rule small and wind-fertilised ‘iflowersb 
Those which are more conspicuous,, anc^^hich 
add ^o much beauty to our modern flora, 
were less numerous* ir^ Miocene tiinieg; and 
many families arp altogether absenit, suefl as 
llosaceae. Crucifers, Caryophyllac^pe, Labiatse, 
Primulacese, etc. Bees and Butterflies, though 
already existing, had not yet so profoundly 
modified and developed the flowers. • The. 
Miocene specie* were all killed off or driven 
soutlT by the Glacial Period and succeeded by 
others better'able *to stand a cold climate. 
There jv^as on the aontrary no such complete 
change in tJie marine flora and fauna. 


Summary 

Looking at the Alps as a whole the 
principal, *axis follows a curved line from the 
Maritime Alps towards the* north-east by 
Mo/it Blanc, Mont^ Ros*a,^ and St. Gotthard^ 
the mountains overlooking the Engadine. • 
^^e geological strata follow the same direc¬ 
tion. North of a fine running ^hfough Cham- 

• • * . - 

^ This name has no reference* to coloj^ but J.8 drived fi^in 

“ reuse,” a ]^cal name for glacier. 
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bery, Yverdun, Neuch^tel, Soleure, andrOlten 
,to Waldslftfb on the Rhine ai^e Jurassic strata ) 
between ^feat line and a second nearl^r parallel 
and running through itnnecy, Veveyf Lucerne, 
JYesen,** Appenzell, and Bregenz on tfie Lakip, 
of Coj^staiice, are the lowlands, occupied by 
later Tertiary strata betyepn this second line 
and another passing tjirotigh Albertville, St. , 
Maurice, teuk, Meiringen, ^nd Altdorf lies a 
more le§s broken band‘ of older Tertiary 
strata, south of which are first a Cretaceous 
zone, then one of Jurassic age, followedr by a 
•band•of crystalline rocks, while the central core, 
so to say, of the Alps, consists Eiainly of Qneiss 
or Granite. If we draw,*a line across Swit¬ 
zerland, say from Basle, to Como, we find 
from Basle to Olten, sa}^ to the line, of the 
Aar, Jurassic formations thrown* into com¬ 
paratively .gentle undulations, and stretching 
from south-west to north-east. From Olten 
to Lucerne, the great plain of Switzerland 
is made up of upper Tertiary stS’ata, known as 
IVIollasse, and Nalgelflue, consisting of sand,and 
gravel washed down from the rising mountains 
and deposited partly^ in a shallow sea, partly 
j.n lakes. At Lucerne we., con^e upon Eocene 
^tr^ta, also a marine formation, v^ich hay':^ 
been raised to a height of. as much as AOOO 
me<;res. 

Continuing in the . game direction, ~ and 
gdbn* after‘pa^j^ng ."^itznau, we come upon 
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Otetaceous rocks, whiph occupjj most of the’' 
canton of Nid Dem Wald. In Ob*»em Wal^ 
we find ourselves on Jurassic. In other parts 
o^ Swififerland a considerable thickness of* 
ITriassic strata appears beneath the Surassi^ 
and rests on Vertu«ano, one of the (^Tboni- 
feroiis series, but^along our line tlie Jurassic 
region is immediately followed by Crystalline 
rocks, and Gneisy, forming the gr^t Centrq,! 
jridge of Switzerland, and reaching as fai>as the 
Lake of Como. On the south of tlie mountain 
range, as on the north, the Gneiss is follox^ed 
in succession by Carboniferous, Triassie, Jiir-. 
assic^ Cretaceous, and Tertiary strata, but they 
form narrower belts. Bellagio is *on Trias ; 
from the Isfand of Comacino the Gulf of 
Como is surrounded by Jurassic strata, south 
of winch ds* a band of Cretaceous, running 
from the Lago Maggifire, opposii;e IPallanza, 
by Mendrisio, Como, Bergamo, and the south 
end of the Lago d’Iseo to Brescia, and ^ on 
further to thef east. 

speaking roughly then w» may say iiiat fchb 
backbbi\e of Switzerland consists of Gneiss and 
Granite, followed on both sides by Carboni¬ 
ferous, Triassic, Jura^ic, Cretaceous, and 
Xertiary strata. These however are all thro^i 
im^a succession of gigastic folds, giving rise 
to tAe ^utmost complexity, '^h® similarity of 
.succession on the twc^sid^s of the ri^ge gives 
reason for the belie'f %t t«^ Carboniferous,, 
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* l^iaisic, luras^ic, and Cretacpous strata .'north 
and south* «f the Alps were ono« coetinuous,- 
and this, impressioli is confirmed by other 
evidence, as will be shown in the 'fbllowihg 
(j^apter?. 
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THE' ORIGIN ‘OF MOUNTAINS ' 

There rolls the deep where grew the t|pe. 

0 earth, what changes hast thou seen! 

There, where the long street roars, hath been^ 

It'he stillness of the central sea. 

* The hills are ^adows, and they flow 

From form to form, and nothing staflds; 

They i|ielt like mist, the solid lands. 

Like clouds they slmpe themselves and go. 

Tennyson. 

The true* mountain rgnges, that is to say, 
the elevated portions of the Earth’s surface, 
are the continents themselves, on which jnost 
mountain chg.ins are mere wrinkles; never¬ 
theless when we speak of mjiSntains, we-mean 
as'‘a rule those parts of the land which.stand 
high relatively to the sea-levol. 

Mountain ranges in this sense may be 
classed i\pder two &am heads, ^ viz.:— 

1. Table mcwntains. 

11. Folded mounteins. 

. 1 ! say “main” heads, because in certain cases tjiere may be 

other explanations. Von ^icSthofen suggested ^at« the 
Dolomite* of the Tyrol were originally corallreefs. 
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T^ie hi^esTi points or peap.8 uxay be ^gain 
divided int»3*two classes—volcanoes, ajid those* 
iiie to weathering. ‘ * 


’’olcanoes 

Volcanoes have had domparatively little 
affect on the scenery* of Switzerland. There 
is only ‘ons group of* hills in Switzerland, 
bhose of Hbhgau near the L^ake of Constance, 
which IS of Volcanic origin. 

There are indeed certain isolated masses of 
igifeous rock, as for instance in the Chablais, 
md again near Lauchern in Wandelibach, which 
a-re probably the necks of ancieht Volcanoes. 

Mountains of Denudation. 

Let us imagine a country raised cabove the 
water with* a graduM and uniform slope 
towards the sea. Rivers would soon establish 
theiAselves, guided by any inequalities of the 
surface, and running at more 'Or less equal 
intervals down to the water level. They 
would form valleys, down the sides * 9 f 'which 
secondary rivuldts would flow into the main 
streams. The rain and frost ^would denqde 
Witlj especial rapidity those parte of t^a^ 
surface which offered' the lea^t effective 
ance^ and tlfus^ not only would the.oi^inal 
watershed be cut *into detached summits* but. 
B,e6oirdary ridgf^ wqpld be formed ^proxi- 
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mately at right .angles, to be «,gaiii cut into 
' detached sumnjits like the first. * • • 

The general opinion of*geologist 4 used, hc^-, 
ever, to be, in the words of Sir E. Murchison,* 
^4;hat “ most of the numerous deep openings aad 
depressions which exist in all lofty mountains 
were primarily d)^e to cyacks which took place 
during the various jnovements. which ^each 
chain has undergone at various periods.” 

. In support of this view su<;h gorges as 
those of Pfstffers, the Trient, the Gorner, the* 
Aar^etc., were quoted as conclusive cases, ^ut 
even these are now proved to have been 
gradually cut down by running water. 

The rapidity %f denudation is of course 
affected greasy by, the character of the strata, 
so th^t the presen* level depends partly on 
the original configuration, partly^ on the 
relative destructibilit/ of the •rock. The 
existing suinmits are not those which were 
originally raised the highest, but those ^hich 
have suffered* the least. And hence it is that 
so, man^ of the peaks st&nd at about the 
same* Iqvel. Every one who has ever* st^d 
at the top of such a ^mountain as the Piz 
Languard, wljich I pame as being so easi^ 
?ipcessiblfe and so often visited, must ,haVe 
bel^ struck by,this f^ct; and must have 
noticed* that the valleys ar^ ^ far less* im- 
• poriant part of th§ jsvhole district than they 
seem >vhen we are belpw. * Dfhd Mal/bterlforij 
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is 0 DV 10 USI 7 a, remnant, of aja ancient i^dge', 
\yliicli gives ‘the peculiar straights line at the 
summit. *The nobld mass of the Bietschorn 
•again, which forms such* an imposing 6 hject as 

look«down the valley of St. Niklaus* across, 
the Rh'o^e at Visp, is a park of the surrounding 
granite which has resisted att|ick more success¬ 
fully than th,e rest of thf r^k. The mountain 
crests, solid as they look f^om a distance, 
are, as‘a rul§,* formed of del^ched fragments,, 
shattered by storms, and especially by frost. 

Mountain Ranges 

The present temperature of the Earth’s 
surface is due to the Sun, that supplied from 
the original heat of the planet being practically 
imperceptible.* The variations of tempeflfature 
due to se&sons, etc., domot extend to a greater 
depth than about 10 metres. Beyond that we 
find tas we descend into the Earth that the 
heat increases on an average about 1 ° 
Pahr. for every Bp metres.^ Even, therefore, 
at comparatively moderate depths the* heat 
must be very great. Many geologists* in con¬ 
sequence, have been, afnd are, of opinion that 
tRe main mass of the Eal*tli consists qf molten 
matthr. We know, hewever, that the temper^ 
ture^ at which fusion take^ place is, r^ed 

^ Agassiz^ however, in tiie g^e of the Calumet Mine near^ke . 
Superior, found a fate otl® Fahn foi*every 223 ft. {Amer. Joum. 
p/,Seience, 1895). r 
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by jftressure, and it must not^ of* courSe, *bfe* 
assumed th^t tlie teVnperature c(witinues to 
increase so rapidly beyond a certain deptli. 
Other o great authorities,^ therefore, are o£| 
opinioa that the mass of the Earthj, thougjh 
intensely hot, is ^ solid, with, no ^oubt, 
lakes of molten matter. In either ^ase the 
central mass cofttinues* slowly to cool and 
consequently to contract. The'^rust, iiow- 
ever, remains at. the same temperative and 
consequently of the same dimensions. ‘This 
beinj^ so, under the overwhelming force of 
gravity one of the two things must h^p^en. 
Either (1), par^ts of the crust must break off 
and’ sink below the rest; or (2), the surface 

must throw itself itito folds. 

» 

» Table Mountains* 

Where tJie first alternative has happened 
we find more or less numerous faults. 

Those parts which have not sunk, or which 
have sunk leas than the rest, remain as tabular 
mountain masses, more or, less carved intb 
sedon-daiy hills and valleys by the action of 
rain and rivers. Such, for* instance, is the 
Table Mountain of the (?!ape of Good Hope; its 
relative Jieight is not due to upheaval, but 
tli^surrounding districts*having sunk. 

• ik .the crustf of the Earth cooled .and 
3 olidifie*d, certain portions- “•set,” so to say, 

^ See, for instance, Lord Kelvi^, ^ctwns and Siddredies^volU ii. _ ^ 
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•so?)neS(r thaii others; tnese form buttressfes, as 
it were, against which the surrounding areas, 
K^ve been pressed by later movements. Such 
>reas have*been named? by Suess “ Horsts,”* a 
term w]|^ch it may be useful to adopt,* as we 
have to English equivalent. In some cases* 
where cbmpVessed rocks have encountered the 
resistance of such a “•HorSit,*' as in the north¬ 
west* of Scotland and in Switzerland, they have 
been tljrown into most extraoj^i inary folds, and 
even‘thrust Over one another for several miles.* 
Murchison long ago expressed his surprise 
at the, existence of great plains such as those 
of Eussia and Siberia. L. v. Buch suggested 
as a possible explanation that they rested on 
solid masses which had cobled down early in 
the history of the planet, ahd thus had offered 
a successful resistance to the folds^ and frac¬ 
tures of Iftter ages. 

Folded Mountains. 

A 

The Swiss mbpntains, however, belong to 
another class, and have a very 'differfent 
character. They, are greatly folded a*nd com¬ 
pressed (see Figs. 23-26). Fig. 1 represents 
tile Cascade of Arpenaz in thef vall^ of the 
ArvA It shows a grand arch, but does ' 
include the whole fold, which takes the -6rm 
of an S, the middle part only being inclmded 
in thq pJiotograpl}. 

tf 






■ ' 


Fig. 1.—?!a«ci*1o of Arp^az, , 
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■••It-usea'-to be supposed that mouHtains 
were uph^ayed by forces hcting more or 
vertiefflly from.below upwards, 'and the' 
•^lutonic rdbks which .occupy the centre of 
mountaip ranges were confidently appealed to 
id support of this Tiew. It piuet be eonfesse<f 
that whKn we first visit a foountainous region 
this theory seems ptfonal tand indeed alliost 

a'however, generally 
admitted th^ such an explanation is unten¬ 
able y, that the plutonic rocks were passive and’ 
not active; that, so far from having been the 
moVing force which elevated the mountains, 
they have themselves been elevated, and that 
^is took,place long after their formation. 
Near the summit of the •^Windgalle, in the 
Keuss district, IS, for instance (Fig. 24), a mass of 
Porphyry. Tie eruption of this Porphyry must 
have taken place befqre the Jurassic period, 
for I^®bbles of it occur in that rock. 

of 

the Windgalle contains Eocene, strata. The 
, OTigin of the ^JTphyry then is earlier than 
the Jprassic ; the elevation of the mountaili is 
later than the Epcene. It is clear, therefore, 
^t the Porphyry had nothing whatever to 
tain’”*^*' of Windgalle moiln- 

The plutonic rocks have moreover produced 
no enect on the%tr«ta which now rest on them 
It.powgVer, fheyjiad'hssh'intrnded in . 
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cohdi^on, they must have modi§ed*the locks' 
'^or some tUst^ce around. It is evident there¬ 
fore that the igneous rodcs had coqjied dov^i 
beTore %he overlying Strata were deposited. 
'J’he elevation of the Alps only commenced i^ 
the Tertiary period, but we know thilt the 
Graiyte of the southern Alps is, for tlie most 
part, pre-Carbon if eAms^ fhat the Porj^hyry of 
Botzen belongs to the Permian geriod, * the 
younger Porphyr^ to the Trias, find thfiit the 
Gneiss of the central range of the eastern Alps 
is st^l older; it is evident then, that th^se 
plutonic rocks can have taken no active part, 
in fhe upheaval, of the Alps, which occurred so 
mucll later. , 

We may, HhdeccT. lay it down as a general 
proposition that folded mountains are not due 
to volcanic action. When the tVo are associ¬ 
ated, as in the Andes, the volcanoes* are due 
to the folding and crushing, not the folding to 
the volcanoes. 

The Alps •then have not ^ been forced up 
from below, but thrown int® folds by laterm 
pressure.* This view was first suggested by 
Be Saussure, worked out im fuller detail by 
Sir Henry De La B^che*in 1846, and recently 
developed by'Ball, Suess, and especially by 
Heira.^ 


1 <^A pjjiiftpiallv Heim’s great ^KOi^,*Uidersuchungen il. d. 
'McchaninniSd. , I perhaps, hoirtsver, to add 

that this view is not universally araeptertr , 

A 


D 



CHAP. 


^4 ’ SCENERY OF SWITZERLAND 

«* 

C' ' ■ 

Moreover,, as the following sections show, 
(Figs. 5, £3*-26) we have every gradation from 
the simple^ undulatitfns of the Jura (Fig. 5) to 
the complicated folds oFthe Alps(Figs.‘rt23-26). 

. But ‘Why are the surface strata thus thrown 
into fl>|ds ? When an apple-^ dries and shrivels 
in winter, the surface becomes covered with 
ridges. ^ Or again, if we ^lace some sheets of 
paper between two weights on a table, and 
then brinff the weights nearer together, the 
papfer will be crumpled up. 



In tlie same way let us take a section of 
the Earth’s surface A B (Fig. 2) and suppose 
that, by the gradual cooling and consequent 
contraction ot the mass, A B sinks to 
' then to B^, and finally to A^B^. Of course 
if the cooling of the surface and of the deeper 
portion were the'same, then the strata between 
A and B would themselves, contract, and might 
consequently still form a*"regular curve between 
rf® and -B®. As a®matter of fact, however, 
the strata at tji® surface of our gle^be have 
long since approacHied a.constant temperaljure, 
Under these circums^ahees there would be no 
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. • . . 

contrition of tjje strata between A and 

corresponding to that in 
the interior, and* conse-* 
quently*they could not lie 
between and but 
must be thrown into folds, 
comi^encing alon^ anj^ 

,line of least resiAance. 

Sometimes, indeed, tlie 
s(frata are completely in¬ 



verted, and in other cases 
they have been squeezed 
for miles out of their 
original position. “ The 
great hicAintain ranges,” 
says Geikie, “may be 
looked upon as the prests 
of the gneat waves ilito 
which the crust of the* 
Earth has been tlirowii.” 
Sir J?tmes Hall illustr%ted. 
the origin of folds 
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"simply (r'ig.o 3) by placing layers of^' cloth 
, under a weight, and then compr^ssiiig the two 
aides, an(^ more complete eiiperiments have 
since been made by Favre, Ruskin £tnd 
/Dadell.' ^ 

Fig^ 4 shows the resyj.t ^of one of Favre’s 
experiments, in which he used the contrac¬ 
tion of an ^indiarublier bund to produce the 
folds. V 

The shortening of the Juva amounts to aboiit 
one'-fifteenth. The strata between Basle and 
the St. Gotthard, a distance of 130 miles, 

, would, if horizontal, occupy 200 miles. Heim 
estimates the total compression of the Alps at 
a minimiim of 120,000 metres.^ The original 
breadth of the strata forrning "^the Aarmassif 
was at least double the present, and the same 
may be said of the central, r(i.nge. The 
Appalachi^s arc calculated to be compressed 
from 150 miles to 65. 

It very seldom happens that such a range 
of mountains'cpnsists of a single fold. There 
are generally several, one being as a rule formed 
firsh, and others outwards in succession. In 
both the Alps and the Jura, the southern folds 
^ are the oldest. In'" Central America, again, , 
there are several longitudinal ranges, and the 
volcanoes are generally situated on cross lines 
oft firacture, »30 ^that they are in rowa» at right 
angles eto the geheyal ^ii^ection of the liioun- 

Mec^tliamus GebirgsbilduTig^ v. 2. 
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tains, ^ and in almost every c^jpe *the buter' 
Grater, or* thgj; towards the Pacific,*!* the only 
one now active • ’ • ‘ 

A glblfce at any good map of the Jura will 
sjiow a succession of ridges running parallel t^ 
one another in » Rightly curved line* from 
south-west to north-east. That thes^ ridges 
are dne to folds of the hfarth’s surface,is clear 
from the following figure (Fig. 5)*ijj Jacca’l-d’s 
^ork on the Geology of the JuRi, shovjing a 
section from Brenets due South to NeucMtel . 
by Lg Lode. These folds are comparatively 
slight and the hills of no great height, In. 
the'Alps the strata are much more violently 
dislocated and folded. • 

The mountains 'seem so high that we are 
apt to exaggerate tlie relative elevation. The 
following :^ijre (Fig. 6) by Riitimbyer gives the 
outline of the Alps from«Basle to pea? Milan. 
This section is only intended to indicate 
the relative height, and is supposed to follow 
the line of one of the great vallflys. Even so, 
howjBver, it ought to have skovm the sudden < 
dip to*tlife south of the main ridge. 

The folded structure throws light on the 
curious fact that tl^ere 8,re much fewer faults 
in Switzerland than fti such a region as, for* 

’ instance, that of our coal fields. 

Tn folded districts the contortions are ^(ifen 
so gfeat that if we could rpit* follow ev§ry step 
they would certainly*b^ regarded as incredible. 




Fio. 5.—Section across the Jura from Brenets to Xeuchatel. 
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Prevtous folds are themselves in somef * 
cases refojde^ and in otllers the lateral, 
pressure has not only saised the 
strata into a vertical position, as fof * 
instance the Chalk and Tertiary sands 
of Alum Bay in ^e Isle of Wight, 
but has in some cases pushed thh 
folds for miles, anClilias dVen thrown 
them over, so that thC sequence Is 
inverted, and the* more ancient Jie 
over the more recent strata in in¬ 
verse order. As the cooling, and 
consequent contraction of the Earth, 
is ?i continuous process, it follows 
that* mountain ranges are of very* 
different age»; and, as the summits 
are continually cruihbling down, and 
rain ^d^ rivers carry away •the 
debris, the mountain raises arc con¬ 
tinually losing height. Our Wel^i 
hills, though comparatively so small, 
are venerabla from their immense 
antiquity, being far older,,for in¬ 
stance, 4han the Vosges, which 
themselves, however, were in exist¬ 
ence while the strata irt)w forming 
the Alp^werC still*being deposited 
at the bottom of the O^ean. But 
though jjhe Alps ate from this pq^nt 
^of view so recent, it is prCbablc 
that the amount ■C^h4ch ha|i J^een 


CO 
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* removed almost as great as that whiclf still 
remains. • Tliey will, liowever,. if jio fresh • 



elevation takes plAc^, be^still bother redifbed,. 
until eiiothing bUifc the •mhre ^|(||^ps remain. 
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What? an enormous amount of denuflatioA 
alreacfy 1jp,kei^ place is* shown for aiiistance in 
Fig. 7, represent!rig the mountain of Tremettgz 
near tho valley of the Rlione, fer * * 

betweeh the Niremont and 
tlie valley of the Sarine, 
where it is evident, not only 
that *the strata hWe b5en 
‘cut off, but that wh^ is 
now the top of theanountain 
was once the bottom of a 
valley. 

The edges of strata which 
appftar at the surface of the 
grouild are termed their 
“ Outcrop.” • Soiftetimes 
they are horizontaf, but if 
not, the inclination is 
termed tlieir “ Dip ” (Fig. 

8, JB). A horizontal line 
drawn at a right angle to 
the Dip is. called the 
“ Strike” (Fig. 8, A) of the 
rocks. ‘If the surface of the * 
ground Is level this will 
coincide with the outcrop. 

In *a mojintahious 'district 
* such as Switzerland this.is 
hoVever,rarely th^ case. , ^ ^ 

Where strata have been*b5nt, as in Fig. 9, 
it is called a monbcMnal f^ld. Wher§ tihe 
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• ^tibterran^n forces have ruptured the strata 
and pushed ^he one side of the crack* more 



or^ less upwards or downwards (Fig. 1^0), it 
,is teigtned a fault. 

Faults may be small, and, the difference 
of height* between the two sides only h, few 



Fia. 10.—A Fault. 


inches. On the other hand, some* are *im 
mtfense. In the case of one great fault 
described by Ramsay, the difference is no 
le/ 3 S than 29,000 feet, ‘and ydt so^comjDlete 
has ‘been the denudation that the surface 
shows no evidence of it, ahd one nyiy stahd 
witk* a foot on‘each side, unconscious o# the 
fa«t that the stratum unSbr the one represents 
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a geological horizon so much abc^ve 1:Jiat hndSi* 
the otheii , * * , , 

When the strata bent somewhat Ijefore tji^e 
fr&ctura Ve have a fold*-fault (Fig. ii). 



Fig. 11. - Line of Fault (x-y) tlie upper ilisplaecd boil. ?’lio beds are bent 
nupr the faiwt by the stniin in slipping. 

Wl^re a fold is much compressed the limbs 
would be«ome thinner and thinner ^Fig. 12), 
while the strata in thS arch anch the trough 
would be compressed and consequently widened. 



Pio. —An riielined Fold. 

• • 


When the arch A, ingtead of being upright 
is* thrust to one Side, it is said Jo be inclined 
,or recumbent (Fig. 12). • • * * 

Where strata af^.throwj^ into fqld^s the 
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febnv^x pdt-ti^n is termed an anticlinal."(Fig. 
14, .4) and the concave a synclinal (Fig. 14, B). 
T.he sam^ terms are applicable when the sur¬ 
face has been planed down so that the strAta 
would ddp as in Fig. 13. 



WW 

% Pia. 13.—Hazed Folde. 

^The inner strata of any fold are calleji the 
cote, those of an anticlinal (Fig. 14, 4[) being 
called the arch core, those ,of a synclinal 
(Fig. 14, j 8) the trough cor.e. 

It is obvious of course that when strata are 
thrown into such folds, tliey will, if strained 
too much, gife way at the summit. Before 
doing sd, jjowever, they arc stretched and 
consequently loosened, while on the other 
hand the strata at the bottom of the fold are 



Fro, 14.—Diagram fl(iowing Anticlinal and Synclinal Folds. 

compressed; the formed*, therefore, are rendered 
more susceptible of disiAtegration, the latter 
on the contrary acquire greater powers of 
resistance. * • 

The p,bove dia^gr^ira, ^Fig. 14, represents, 
six. strata (1-6), Supposed to be originally of 
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approximately e<|ual hardness, but which* aft%r* 
being tljrowp into uildulations’ j^rp rendered 
more compact /n the hollows and less so in thfe 
ridges.* ‘Denudation w>ill then act fhbre effect¬ 
ively &.t A, C, than at B, Z), F, and when 
it has acted long enough the surface will lie 
shown by the stronger line. Tliis^will be 
still* more rapidiy% the ‘case if some of the 
strata are softer than* others. “WliSre 4;hey 
are brought ujj .to the surface erosion will 
of course act with special cffectf. Hence it 
often happens that hills have become valleys, 
and what were at first the valleys have become 
mOtintain tops. As an illustration of the 
fornfer I may mention the Gesohenenthal, 
(Fig. 24) Msideranhrthal, and the valley of the 
Tiniere (Fig. 98), flie Justithal (Fig. 127), the 
Gaste]?enthaJ[ (ITig. 121), and Entre Deux Monts 
(Fig. 76) ; of the latter,*the Tremettae (Fig. 7), 
Pintga (Fig. 133), or the Glarnisch. 

In other cases where the summit' i^ not 
at the very base of the trough, the edges of 
some stratum rather hard 9 r* than the rest, ^ 
proje<?t as two more or less pointed peg.ks, as 
on the 5ilattstock (Fig. 83),.leaving a saddle- 
shaped depression in thre centre. 

' Highly in6lined* strata are often worn av^aiy 
so as to form a kind of ^yall, sometimes sn thin 
that it,is actually pierced by natural hole, 

. as for instance the Martinslo5h above Elm, in 
Glarus. There is •another/of thesa ori^ces 
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ii^ar Iche ^mmit of the Pilatus, one ip. the 
Marchzahn,ca mountain* of the G^^stl^se chain, 
aij^d another in the*Piz Aela, klso known for 
that reason as Piz Fora^te, between thfe^Albilla 
and the<Oberhalbstein Rhine. ^ * 

When we look at th^se* abrupt folds ani 
complicated contortions, the first impression is 
that they must have Been produced before the 
rocks had solidified. This, however, is not so. 
They ^ould nrot indeed have been formed ex¬ 
cept* under pressure. We must remember that 
these rocks, though they are now at or ^ near 
thd surface, must have been once at a great 
depth, and where the pressure would be tre¬ 
mendous. *• Even in tunnels, which of c6urse 
are comparatively near the hurfacte, it is some¬ 
times found necessary to strengthen and 
support the Walls which would Qtlyerwise be 
crushed fn. ^ The roadwvays in coal-mines are 
often forced up, especially where two passages 
meet. This indeed is so common that it is 
known as the •“ creeps.” In deep tunnels it 
Mas not unfrequently happened that when 
strata* have been uncovered they have suddenly 
befit and cracked,* which shows that tfiey were 
under great lateral prdfesure. Yet the deepest 
ihine only reaches 800 mbtres. * , 

Titeska^ has show<ii by direct experiment 

that the most solid bodies,' lead, , tin^ silver, 

* ' •' * 

^ Theobald’s Grauliiinden, Beitr. » peol, Karte d. Schw., ii. 

* Cbmptes R&Adua, 1874. 
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coppey, and even steel, will giveaway* anfl’ 
flow ” i\nde 5 a pressure of 50,00© ikilograms 
per square ceiftimetre. •Moreovei^ ^ there .js' 
difect ^fid conclusive evidence that the 
^wiss rocks were folded after solidification^ 
In many cases contyrted rocks contain* veins 
(Fig. 16) which are in fact cracks filled lip with 
chalcite, etc. Suoh fine fissures, however, 
can only occur in hard rock. ^gain *the 
igocene contains rolled pebbles of*Gneiss, Lias, 
Jurassic, etc., which must therefore have* be¬ 
come,hard and firm before the Eocene period,^ 
while*the folding did not occur till after\^ 4 ards., 
It i^clear there^re that when the folding took 
place* the rocks we;:e already solidified. No 
doubt, however, th*e folding was a very slow 
process. Whenever we find a fold we may be 
sure that, ^hen formed, it was d%ep down, far 
below the surface, und^' enormous pressure, 
and where the material was probalfiy rendered 
somewhat more plastic by heat. In the later 
and higher recks we find cqiftpression with 
fracture, in the earlier and lower rocks corn- 

pressidh Tvith folding. » 

In fact folds and fractures are the t^^o 
means by which t];^e interior strains * adjust 
themselv^. *They replace one another,^ aiid 
* in the marvellously folded districts of the Alps 
faults aae comparatively few,^th»ugh it 
not be supposed that they, do not occiy. ihe 

» Heim, Mech. d'. Chbirgsbf, ijpl. ii. 



48 , , SCENERY OF SWITZERLAND chap. 

0 

•ifatufe of' the rock has little^ influence g\i the 
great pripiniy folds, but the ch{j,rac1i,er of the 
'minor secondary folds depends much upon it. 
Many of the following’figures give jfnf idesf'of 
the renmrkable folds and crumpling wKicli the 
strata- have undergone, s.o much so (see Fig. 
123) that they have been compared to a hand¬ 
ful of ribbons thrown on to'the ground. 

It is ojivious that'’before strata could be 
throvyn into-^ contortions such as these, they 
must have^^ been subjected to tremendous 
pressure. They have consequently been^much 
altered, and the fossils have been compressed, 
contorted, crushed, ground, aRd partly, dT in 
many cases entirely, obliterated. 

In parts of the great Glaa:us fold (see 
p. 290) the Hochgebirgskalk is reduced from a 
thickness of ^450 to a few metres. \ In other 
cases ceftain formations have been completely 
squeezed out. We must not therefore infer, 
from the absence of a given stratum in such 
cases, that it never existed. 

° Fig. 15 represents a piece of contorted mica 
schist, and it will be seen that the’foids are 
a miniature of those to which on a great scale 
our mountains are dufe. 

”, In many cases the rock is Broken up into 

flat 'or more or less- lenticular pieces, which 

have been squeezed over one another so that 

their surfaces have been rendered smooth 

* , * 0 

^ Heim!'MecA. d.'Oebirgrsk, vol. ii. 
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and glistening. Such surfaces aye Icnowli as * 
slickensid^s. J*his process has sometimes been ^ 
so .intense and fto ‘ general •that harcyiy a piecg 



tan be found which does iiot present such a 
polished surface. The particles of #tone whijh 
npw touch were once far aparf, 
are now at a distancd once law close togeUies. 
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“ 'I’he ‘ cracks,, movements, and friction "which 
result in auch a structure must, from time to 
time produce sounds, and the mysterious sub¬ 
terranean noises sometimes heard afe'perhVips 
^thus produced. 



^ Fia. 16.—Secf/on of Bothldolomite. 


Fig. 16 represents a section of Rothidolo- 
mife, and it, will be observed that, as we 



Fio. 17.—Piece of Stretched Vomicano. 


should, expect fhcoretically, the strata are* thin¬ 
nest in the limbs, whele they are squeezed 

* SI 
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out. * This is visible in . / 

great mcaintain folds, as ft« 

well as in hahd speci- • 

mSns. ^ * HI ' 

, In *the part of the JbI l A j 

curve where the effect of Wm \ 

the force is to draw out^ r 

,the strata, they will as Wl ^ , 

shown above, if capable 
Qf giving way, become 
thinner. If however they 
are n©t plastic they must , 

crack, the combined 11^ v 

widfh of th« cracks |lM 

affording the additional I 

space. Fig.* 17 repre- U 

sents ^a fragment of 
Verrucano, thus drawn * 

In many cases fossils / 

are compressed or torn, { 

but still distinguishable. || |K I ) 

Fig.,18 represents Belem- I ' 

nites thug torn; but in all ' 

these cases the extension^ || 
or fearing is due, nt^t^to* , 

a general extension * of ||\jjK 
the rock, but to 
thrust. • VB • 

• Fig. 19 represents a. \f 

piece of nummulitic lime- * 1/ 




vs. 
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stone when . the rock has. not only,' been 
.fractured <along the lines a h, .but rOne side 
of the v^in has been evide'Dtly displaced. 
At a later date another fracture H'aU taken 
place aibng the line c d. * , 

Solne rocks have been ** so kneaded and 
ground' together ths^t in many places ^it is 
rare to ,hnd ^ cubic millimetre next its original ^ 
neighbours'^ In many places fragments and 



wedges of one formation have been forced 
into another. * 

* In the Tertiary slates of the Sernfthal 
at PJattenberg near Matt are well-presei’ved 
remains of fish belonging to the gerius Lepi- 
dotus., Agassiz thought he could distinguish, 
hpd described, six species) but 'Wettstein has 
shown that they alj belong to one and the • 
same, and tjiat the differences of form are 
merely ^ due tc/ the position in wliichi the 

‘ ’ Heipi,%fecA. d^QeMrgsh., vol. i. 
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speciipens happened to lie witl^ r^eren^be 
the direction £>£ pressure. 

In many caSes’ the pressure has ^roducQ^ 
“ (31eavd^,” and turned the rocks *into shale 
o^ slate, so that they split into more* or less 
perfect plates or fiJm^. The direction of •cleav¬ 
age js quite independent of the* stfatifica- 
^tion, which it may oross at any aimle. Heim 
distinguishes three forms of cleavag^. ^i'ir^ly, 
tjiat due to the formation of slickensicjes as 
just described {ante, p. 49). The “second kind 
of cleavage is due to the minute particles ^iii 
the rock being flattened by, and arranged *at^ 
right angles to, J;he pressure, as shown in Figs. * 

20 anci 21.^ • 

• 

The third ds produced by all the laminae 
or elongated particles being arranged by the 
pressure ijj. lines of least resistance, so that 
they are forced to lie pamllel to ong aflother. 

It is, however, by no means always easy, 
especially in the crystalline rocks, to distinguish 
cleavage from etratification. Tlfe structure of 
the crystalline rocks, which form the base of* 
the \Vfhdgalle, and which Heim regardiS as 
partly stratification, is considered by soifle 
geologists to be all cjeav^ge. • 

. the fa( 4 t th*at cleavage has been produced* 
*by pressure was first dem§nstrated by Sharpe, 
and afteswards wilh additional evidence J^y 
Sorbf and Tyndall. In fact,*u?ider gregit pres- 

^ Geikie, I’ext-book of 
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sUre ‘solid' ropk behaves veiy much like/ ice in 
glacier, o « 



Fkj. :i0.—Suction of a fragment of argillaceous rock. « 

. Cleavage and folding £vre both due fo the 
same cause. They have ansen simultaneously, 



Kio. 21.—Section of a siniilarCock which has been couiiiiussun, ana in 
which cleavage structure haH\)eeu dovcloiieil. * 

and are differentf njani^stations of the “same 


mechanical ac{i<5«. 




CHAPTER 111 

• t 

THE MOUNTAINS *0F SWITZER4.AN1) * 


Erst dann haben wir ein Gel)irg erltaiint, weiiiF seiii 
Irineres durchsichtig wie Glas vor uuseru geistigcn Auge 
erschefht^—T h eouald. 

do not really know*a mountain until its interior is 
to our*inental eye as clear as crystal. 


The Swiss mountfiins, as indicated in the 
precedJhg^ chapter, are now considered to be 
due, not to upheaval fro»i below, but io lateral 


pressure. 

This acted from the south-east to north¬ 
west, and took place at a comparatively recent 
period, mainly indeed afteu ‘the end of the 
Eocene period. There are indeed good grpunds 
for supposing that a former range occuj^ed 
the site of the present Alps (it an early,period, 
anR the Carboniferous strata show considoi^ 
able folds (Fig. 22), ovcf which the Permian 
aiid moye recent strata were deposited. ^ J-bc 
Carboniferous Puddiugstonc? of V^orsme, 
’which contains w«Il-round#d^ pebbhjs^ and 
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‘boulders,' v^liows that there must have' been 
mouiitaing and rapid riVers at thjs period. 

^ These a.ncient mountairis, • however, were 
removed' '"by denudaftion, and thef whble 
^country sunk below the Sea. Betwe'en the 
iCoceiie and the Miocene^was a second period 
of disturbance, and all the strata, including 
the Eocene, were folded conformably together. 
The main eJevation of‘the Alps was, however,* 



Kio. a». —Carboniferous FoWs on the Biferten Giat. 


betvyeen the Miocene and the Glacial periods. 
Miocetoe strata* attain in the Kigi a height of 
6000 feet. By' tliis much at least then the 
Alps must have been raised since the olos'e of 
this comparatively recent period. 

“ It, is strange t© reflect,” says Geikie, 
''‘|;hat the enduring materials out of^which'so 
many of the mountains, cliffs, and pinnacles of ' 
the Alps have been formed, are of n,o higher 
geological antiqtfity than the London Clay* and, 

* Heini,‘ 4 ilfe 6 ’A. d. Oehtrgsh,, vol. i. 
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othe^ soft Eocene deposits of J:h<f Soifth 
England.” ^ 

Unfortiinatc'ly we seldom swe a xna^, 
e 3 fcept*(tn quite a small scale, of*tlie whole 
Alps. * We have separate mai)s of France, of 
K^witzerland, of Ita\y, and of the Austrian 
iominions. But to get a good general idea of 
the whole Alps, wg» require not only Switzer- 
and, but parts of France, Italy, aijd Austria. 
If we have such » map before u» we seq that, 
with many minor irregularities, the Alps* are 
formed on a definite plan. The principal axis 
follows a curved line encircling the Norjh *of^ 
I tal^; commencing -with a direction almost 
due ilorth in the Maritime Alps, and* sweeping 
round gradually to ^he east. 

The direction ap*pears to have been deter¬ 
mined t)y t. fip pre-existing Centi^l Plateau of 
France unS the Bhick Forest, whicji f)robably 
formed a continuous barrier before the sub¬ 
sidence of the Rhine valley. They ar^ in 
fact ancient pillars, far older ^Uhaii the Alps, 
and Switzerland has been thrown into wave^ 
or folds 'by compression against these great 

Mil ^ 

* “To account for the*conformation .of tlm 
. Alp*s,” saA^s Tyndall, “Mnd of mountain regioijs 
•generally, constitutes on^ of the most ihlcr- 
esfing m-oblems of the presenh day. Two 
hyptftheses have beeii^ advanced, which may be 

1 Geikie’s f'cxl-book of G9olo^y- 
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I • * * 

‘ifespefetively ijamed the hypothesis of fr^ture 
and the hypothesis of erosion.^. Tjiose who 
aflopt th 9 former maintain that the forces by 
which the Alps were elevated produced'fissutes 
in the ^earth’s crust, and that the valleys of 
tlie Alps are the trades of these fissured 
Those ho‘hold the latter hj^^pothesis maintain 
that the valleys have been cut out by the 
action of ^ce and water, the mountains them-' 
selves bein^the residual forms of this grand 
sculpture, to the erosive action here indicated 
must be added that due to the atmosphere 
.(the ^severance and detachment of rocks by 
rain and force), as affecting t)ie forms of" the 
more exposed and elevated, peaks.” ^ * 

This was written thirty years ago and has 
been confirmed by the subsequent researches 
of geblogists.*^ While the folding Referred to 
in the l(fet chapter ha» determined the position 
of many of the Swiss valleys, “ fracture ” 
has* played but a subordinate part, and to 
denudation and erosion, as Tyndall himself 
hi ways maintained, the present conformation 
of tlm country is mainly due. 

‘'Switzerland is divided roughly into equal 
parts by four great •rivejs,—the Khine, the 
lUione, the Beuss, and the Ticinq. These 
four’rivers rise on ^he same great “central 

*^y\idall, “ C<Mifoiiki;y;ion of the Alps,” Philosophical^ Mag., 
Oct. 18d4.» See also Scrope^ “Oil the Origin of Valleys, Gcolt 
Mag. 186& •• * 
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mass\f.” The valleys are not, libweVer, hf 
the sam <3 character. The Rhinc-Rhone valley 
from Martigny to Chui» is a “ gegtectonig ** 
valley ? its direction cchncides with the direc¬ 
tion or “strike” of the strata, an(> it w^s 
originally formed ]jy a great fold in the 


strata. 

'The Reuss an^ •Ticino valleys (except the 
upper part of the Reuss in the *{Jrserenthal, 
which is in fact*a part of the»Rhone;Rhine 
valley and the upper part of t^e Ticirib in 
the Val Bedretto, which is also a longitudinal 
valley) are transverse; they cross the gtrhta 
apiJl'oximately.at right angles, and conse¬ 
quently the rocks,on the two sides are the 
same. They* are ehtirely due to erosion. 

In the Jura, wfiere the foldings are com- 
parativel]^ gentle and the d^udation has 
been much less, the pMJsent con^iA*ation of 
the surface follows more closely the elevations 
and depressions due to geological changes 

(see Fig. 5). • .* « 

In the Alps the case .is different, and 
the’denudation has so far advanced that we 
can at ’first sight trace but little relation 
between the vallqys, %s indicated -by the 
river coiyses* and the mountain chains, and 

’• the geological structure of the country. There 

are maijy cases of anticlinal vg^leys , 

.to say, of valleys ^see p- w&ich 

run along wliat'was at* one ti*i^ the 
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summit of arch, as, fpr instance' the 
Justithal (p. 384) and the Val de la Tini^rc 

Ip- 312)., • • 

In other cases a piece is cut off frbm the 
:^st of' the massif to which it belongs, as, 
for instance, the Frusthorn from the Albula 
massif by the Valserthal. 

There are others where a range of moun¬ 
tain's occupies the line of a former valley. 
This is the case for instance with the moun¬ 
tain ridge which runs between the Rhine and 
th^ upper Linth from the Kistenpass at the 
head,of tlie Limmerbach to the south of the 
Ijiramern Glacier, by the Bifertenstock toT^iz 
Urlaun arid Stock Pintga or the Stockgron.^ 
This range of mountains occupies the site of 
an original valley (see ^'ig. 133, p. 398), 
but no doubt from the greater hardness 
of the rock and its position it has offered a 
more successful resistance to attack; while 
the ooriginal mountains have been washed 
away. 

In this way some at any rate of the trans¬ 
verse oranges have, as it were, been carved out. 
Thus the Safienthal—the valley of the Glenner 
which falls into the Rhiine Ilanz—is bounded 
fiy ranges approximately kt right'angles to the 
main*^ direction of the mountains. That on 
the Ipft of the valley culminates in the Piz 
Ricin, Crap Grisch^ Weissensteinhorn, "and 

'* Heim, Be^/. z, OeoL K. d. Schw., L. xxv. 
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Bareilhorn. In favouratle light^ it# can Easily* 
be seen ^rom,the opposite side of.t^ie valley, 
that the streams have eut out .the valleys' 
aild art "thus the cause of the mountains. 
This a particularly clear illustration, be¬ 
cause the strata a^e jiiiiform along the •whole 
line, so that the structure is not Somplicated 
by t£.e presence of »ocks*of different character 
*and hardness. * *, * • 

Indeed if we oompare togethtr two jnaps, 
in one of which the principal chains of moun¬ 
tains, and in the other the main river 
valleys, are brought out most prominently,^ 
the;f look at fi/st sight so different that we 
shouM hardly suppose them to represent the 
same district?* It* is evident therefore that 
the main agent wliich has determined many 
of the Av^r yalleys is not that which has’given 
rise to the mountains. • The course# of the 
rivers, though there have, as we shall see, been 
many changes, and exceptions due to various 
causes, were originally determined by the folds 
into which the surface was thrown ; while th^ 
pres'ent mountain summits are mainly the i;esult 
of erosion and denudation. • 

We will now consider the evidence which 
, leaS.s to J}he conclusion that the fossiliferoy^ 
* strata formerly extended Qver the Central Chain 
of'the Alps. It is a common eri^r to suppose 
that*the limits of geological Strata are those 

1 Heim, Med. d. Oebirgsb.,9ro\. i. 
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■*^hicll are now shown on the map. It re,quires 
little reflection however to show.>.that this was 
'not so. In the abj ssal depths of the ocean 
deposit is portentousl^-^slow, and a loh^ period 
would he represented by only a few inches of 
rock. ' Moreover, though, a ^marine formation 
proves the' existence of sea^ the absence, of a 
marine formation does not prove the existence of 
land. fetr?» t'a may and often have been entirely 
removed. Oiar Cretaceous deposits, for instance, 
onctf extended far beyond their present limits. 
The same was the case with the Secondary de- 
^po'sits of Switzerland from the Trias to the 
Eocene. They extended - completely over’ the 
Central mountains. If these mountains had 
been then in existence and the Secondary strata 
had been deposited round them, we should find 
evidence of Shore deposits, with remains of 
animals ^and seaweeds such as live in shallow 
waters and near land. This is however not the 
case ; we find no pebble beds such as would be 
the case near a*^ shore, no gravels with pebbles 
5f granite, gneiss, or crystalline schists, but 
deep-sea deposits of fine sediment evidently 
fotfmed far from *land. The southern shores 
of the • Jurassic Sea 'Were, perhaps far away 
in Africa.^ In the Triassic peripd there 
seemS to have boen a barrier between 
the Eastern ^and Western Alps, buJb subse- 

o 

' Heim, ''Mech. d. Oebirgab.% vol. ii,,; Baltzer, BeUr. s. Oeol. K. 
d. H-’hw , Vi. xxiv. '•* 
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queiffcly the conditions’ must havo Tjeeili ve?y' 
simil^. ^ * 

Even the Eoce*ne dep^aits suow.no oviaeiyj^ 
o# a shDfe where the Aips now rise ^ove them. 

W8 have other proofs that the* central 
cliains were formgrl^jj covered by other »strata. 
For instance, the Puddingstone df Valorsine 
at file head of tliiC Chlimouni valley, which 
belongs to the Carbbniferous ^pridd, icon- 
tains no granite .or porphyry pebbles. The 
*granite and porphyry strata of* the district , 
must therefore at that period have been ^ro- 
tecte^ by a covering of other rocks which 
havti been since stripped off. 

It is also significant that the ^pebbles of 
the Miocene* Nag^flue which come from the 
neighbourhood ard mainly of Eocene age. 
Neither the^ Crystalline rocks nor the* older 
Secondary strata seem io have beer? then as 
yet uncovered.' There arc indeecf crystalline 
and Triassic pebbles in the Nagelflue, % in¬ 
stance, of th (4 Rigi, but they do not belong to 
rocks found in the valley oi the Reuss or on 
the* St. Gotthard. They resemble thgse of 
Lugano,* Bormio, the Julier, and other dis¬ 
tricts far away to the scjuth-east. > 

•We aje nbt however dependent on th§^ 

.* arguments alone, conclusive as they* are. 
Remains of Secondary strata ocjcur here and 
thene in the Central district, and these are 

1 Heim, Mefh. d. Gebirgsit, vol. ii. 
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' n&t ffagment^ torn away from one another, 
but parts of «a formerly (fontinuou^ shept, which. 

have been preserved in conse¬ 
quence of being protected in the 
hollows of deep folds. That the 
Secondary gtrata were once con¬ 
tinuous over the Central chain 
is well* shown in the following 
figure (Fig. 23) drawn from the 
Rhone to the^ Averserthal and^ 
cutting the Binnenthal, Val 
Antigorio, Val Bavena, ^ Val 
Maggia, Val Ticino, Val 
Blegno, Val Mi^occo and *Val 
St. Giacome. It will be ‘seen 
that all thesS valloys are prim¬ 
arily due to great folds, and 

__ that in each case^wp find at 

!iilj the bottom of the valleys re- 
mains of the Secondary strata 
M ® nipped in between the Crystal¬ 

line rocks. 

«Fig. 24 shows a section 
from the Spitzen across the 
Ruchen to the Maderanerthal 
i|^. '(see alsb Fig. 134, p. 403). It 
is obvious* that the v^leys are 
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mainly to erosion, that the 
Maderaner valley has Ijeen cut 
out of the Crystalline rocks, s, and was 6nce 
coYcr^d* by the Jurassic strata j, which must 
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• Bave*fori&erjy passed in a, great arc\f over' 
(vliat is now the valley. 

• Agaiij ^ib is cleger (Fig. ’25) that a great 
thickness of Crystalling rock has beeif femot^ed 
^rom the summit of Mont Blanc. No doubt 
(see p. 3) many, thousand feet had 

been rfemoVed before the deposition of the 
Secondary strata, feut even since its eleva- 
tioh tfie , 3 -mount of 'erosion of the Granite 
itself, has ^been considerable. How muq)i 
we® do not know, but 500 metres wquld 
ppbably be a moderate estimate. T^o this 
, niu^ be added the Crystalline Schists, say 
1000 metres, and the Sedimentary focks, 
which frbm what we knojv of their thibkness 
elsewhere cannot be takeb at less than 3000 
metres. This therefore gives 4500 metres, 
or say 14,000 feet, which erosioQ ajid*denuda- 
tion hdVe^ stripped from the summits of the 
mountains! Fig. 26 gives a section across 
th« Alps, and it will be seen that the section 
across the St. Gotthard substantially resembles 
' that of Mont Bliinc. 

Surprising, and even almost incredible, as 
this may at first sight appear, it becomes less 
difticiflt to believe Vhe^ we remember that 
lot only the great Miotene gravel ,beds v^ich, 
forfii the Central plain of Switzerland, bui 
nyi^h of the deposits which oopupy ’the 
valleyg of the ‘Rhine, Rhone, Reuss,* InR, 
paRube, and Bo—the 'ftlluvium which form 
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•ftie plain* pf Lombardy, ,of Germany, of 
^Belgium, •Holland, and of South-ea^t France 
are mat^rjals washed down from the Swiss 
mountains. 

It ife calculated that at the present rate 
of er<Jsion the Mississippi removes one foot of 
materigft from its drainage area in 6000 ]^ears, 
the G|inges above Gha®ipur in 800, the^ 
Hoangho ^in 1460, the Rhone in 1500, the 
Danul>e in^6800, the Po in 750. Probably 
therefore we may take the case of j}he 
RJjLone as approximately an average^ and 
.this^ives us, if not a measure, at any rate a 
vivid idea of the immense length of "time 
which mifst have elapsed. ^ * 

The great plain shows cbmpatatively gentle 
elevajions, which become more marked in the 
“ Prealps,” v^ile the inner chaiRs p,re* thrown 
into th^ njost extreme contortions. In some 
cases the result of compression has been to 
push certain strata bodily over others. Such 
overthrusts afeo greatly tend 40 render the 
relief of the surface independent of the tectonic 
structure. If there were no overthrustS, it the 
arches had been flatter and the troughs broader, 
^the causes which hitve Jed to the present 
configuration of the surface would Jbave fieen 
much clearer. • 

jrjbie maiik ranges then are due to^compfes- 
sion and foldings tjie ^eaks to erosion* and 
tj^ three prinj3i!f)al factoA in determining the 
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physiol geography of Swit¬ 
zerland, h^ve i)een compres¬ 
sion, folding, and denude,- 
tioh. ^ • 

^ The*present configuration 
of the surface is Jndeed 
mainly the result of denuda¬ 
tion, which has pro'iiuced fhe 
greatest effect in the Central 
pprtions of the chain. It 
is probable that the amount 
which^has been removed is 
nearly equal to that which 
still remains,^ aqd it ts cer¬ 
tain that not a fragment of 
the original Shrface* is still 
in existence, though*it must 
not be * inferred that the 
mountains were at any time 
so much higher, as elevation 
and denudation went on to¬ 
gether. • 

This leads us to the con- 
sideratibn whether the Alps 
are still ’rising. On this 
subject we have no ^bsolhte 
.proof. Tije country is now, 
•however, so well mapped 
that if /changes *are still 

* Heim, Beitr. z. Geol. K.^d. Sch'O)., 
L. XXV. 
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^oing on _ thenj'selves. 

It is probable on mechanical ^nd,geological 
’ grounds.that the sauthern chains were formed 
first, and the northern ones affcet^ards* in 
^order \>f succession. It has been shoyn 
that •the Secondary strata* originally covered 
the whole* area, and their removal from the 
Central massives, except «i*the deeper folds, is 
stfong evidence of their great age. 

There is no proof of any present movement 
in •this Central district. On the other hand 
s^^ght earthquakes are common in Switzerland ; 
, rno^ie than 1000 have been recorded during the 
last 150 years, and no doubt jnany more*have 
passed tftinoticed. This, appears to indicate 
that the forces which have raisM the Alps are 
perhaps not entirely spent, and that slow 
movements Inay be still in progi;es§ along the 
flanks df tjie mountains.^ (See also p. 320). 

Many of these earthquakes are very local 
and as a rule not deep seated, at a depth of 
not more that! from 15,000 to £0,000 metres. 

Even however in the Central Alps there is 
stilLsome evidence of continual strain.* IVhen 
the tunnels were being pierced for the St. 
Gotthard line, and ^spepially the Wattinger 
tunnel near Wasen, slight explosion^were often. 


heaM, and blocks of rock were thrown down 
oq ^;he workmen. These generally came from 
the ropf, but sometimes from the side*, and 

Heiilff, Mech.d. G%irgsb., vol. ii. 
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eventually it was found 'necessary Jo* ca#se the, 
ijateribr of the *tunne>.^ These phenomena, 
however, may have been <»nly due to the greatf 
pressure.* 

Th& American geologists, ana especially 
l3ana, have pointed out that folded moiintain'^ 
are not as a rule symmetrical but oRe-sided. 
Sue^s^ has extended thife to Switzerland, and 
’indeed to folded mourftains geneTally*. It is 
j'emarkable that in all the European mountain 
systems—the Alps, Apennines,* Jura,* £!ar- 
pa*thians, Hungarian Mountains, etc., the 
outer side of the curve presents a succes^on 
of folds which gradugilly diminish in intensity* 
while the inner side terminates in an immense 
fold, the anti€linal,*or arch of which, in the case 
of Switzerland, constitutes the outer crest 
of the* Alps, while the synclinal, or ^rea of 
depression, nas given rise to the ^raat valley 
of the Po, which appears to be an area of 
sinking. ^ 

The Jurajrises gently from .the north-west, 
and culminates in the ^tSep wall which 
bou’nde the Central plain of Switzerland.^ 

The Ural Mountains and.their continuation, 
the Islands of Novaya Xemlya, are steep on th^ 
eaMern side.* In *fact, the Urals are not^^ 
much a chain of mountains, as a tilted surface, 
with a sudden fracture, and a sunken area to 

* • * . * 

* Baltzer, Beitr. z. Oeol. <?. Schio., L. xxjv. 

“ Da# *A')\tliz tier J^e. 
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tfie aast?^^ The Indian Ghats again present 
a very steep ’side to the sea. * The Himalayas 
which in so many ijespects resemble the Alps, 
the Rocl^ *Mountains,» the Green IVfoantakis, 
the All^ghanies, etc., are also one-sided; and 
6outh,America slopes up frojn the east to the 
great wg,!! ©f the Andes which towers over the 
Pacific Ocean. * • * * 

The •Alt* are a most delightful, but most* 
difficult, stu^y, and although we thus get a 
clua fo the‘general structure of Switzerland, 
the whole question is extremely complex, 
and the strata have been crumpled* and 
folde'd in the most complicated manner, seme- 
times completely reversed, so £hat older 'rocks 
have been folded back cm younger strata, 
and even in some cases* these folds again 
refolded. 


’ Sucss, JHe Eniitehmm der Alpen. 
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SNOW AND ICE—iSNOWFlELDS A1W» GLACIERS 

o 

'* Ohaque aiin6e je me livre a de nouvelles recherches, et 
en me procurant uii genre do jouissance peu connu du r#ste 
des hommes, celni de visiter la nature dans quelques-vns de, 
ses pRis hauts sanctuaires, |e vais lui demander I’initiation 
dans quelques-uns de ses mystires, croyant qu’elJe n’y admet 
que ceux qui sa^ifient /out pour elle et qui rendent des 
hommages continuel.”—Dqlomieu, Jmirml des Mines, 1798. 

The height o/ the snow-line in thte Alps Siffers 
according to localities aad circums^aflces, but 
may be taken as being from 2500 to 2800 
metres above the sea-level. , 

The snowfi«lds are very extensive, the ex¬ 
panse of firn being necessasily greater than 
that *of•the glacier proceeding from it. , 

The annual fall of snow giwes rise to a kihd 
of stratification, which hbwever gradually dis-» 
.appears. ^ThS action* of the wind tends, 

.'the whole, to level the surface, leaving how¬ 
ever mapy gentle* undulations, pnd hewing 
ijp the snow in crests and»ftdges. {lere it 
often forms cornices,*whic£ on the mo«nJ;aips 
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*^me11Ilmes<^p^;oject several teejt. i shall ^never 
forget ni^* sensations* when iitanijing with 
*Tiyndall .on, as I sifpposed, ’ the solid summit 
of the Galenstock, hef struck his al^enstOck 
^nto the snow, and I found that we were onjy 
suppcsrted on such a corjiic# projecting over a 
deep abyss! , 

When the snow falls «,t* a temperature of 
0“-12°, it^ften assumes the form of stars or 
eight^sided crystals. 

The region affected by glacial action ipay 
be divided into three parts;— 

1. The firn or J^ev4. 

2. The glacier. 

3. The region of* deposit. 


The Firn or NevE 

• 

The snow which falls in the higher Alpine 
regions, by degrees loses its crystalline form, 
becomes granular, and is known as N4vd or 
Firn. It can ^ be distinguished at a glance 
from recent snow by being less brilliantly 
wiiite, partly because it contains * less air, 
partly*! because the parti 9 les of meteoric and 
other dust give it a lightly yfelloxyish, gray,, 
or eVen brownish tipge. Sometimes it is in'* 
patches quit^^ red. This is generally due to the 
presence of a minute alga (Spheerella nivalis), 
^e^e * are, hoirever, several other minute 
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organisms, plants, Infusoria ^anji Rotifdta 
(Philodiija roseola) of 5, red or brox^iiisli color. 
The firn is generally firm? When J^he tempeiia- 
tilre is*l(?w, it becomes (Juite hard; except on hot 
(J.ays the foot sinks but little into it; usually it 
remains dry. The water which results from 
melting sinks into it, and freezes the snow 
below into a solid mass, which has a more or 
less stratified appearance, each yearly® deposit 
forming a layer* from one to ^three :^eet in 
thickness, which can sometimes be traced "even 
to t]je lower end of the glacier. The firn 
attains in many places a great depth. Agassiz 
estihaated that pf the»Aar glacier at 460 metres.'^ 
It moves slowly ^downwards, and* when its 
upper end ?ermiriates against a rock wall, 
which of course ret*ains its position, a deep gap 
is formed, in, spring, known as ^ Bergs^rund, 
which widens during the summer autumn, 
gradually fills up in winter, and reappears the 
next year. , 

It is impossible to give any idea in words 
of the beauty of these high snowfields. The, 
gentl/ curving surfaces, which break, with 
abrupt edges into dark abysses, or sink gehtly 
to soft depressioi^^, of meet one an«ther in 
ri(3ges, lilie delicate’ shadows in the cury^a^ 
hollows, the lines of light on the crests, the 
suggestion of easy movement pn the forms, 
with the sensation of compfete repoge to the 

1 
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eye, tile sn^wy white with an occasional^tinge 
of the mcj^i delicate ptnk, make.up ^ scene of 
V|iich no jpigture or photograph can give more 
than a very inadequate impression, ^nil fofm 
an alm«st irresistible attraction to afl true 
lovers of nature. 

The firn*would accumulate and increase in 
thickness indefinitely* if it* were not removed, 
(1) by mel^^ihg and evaporation, (2) by aval-' 
anche§, and •(3) by slow descent into thq 
valley. * 


Avalanches 

• ^ 

Avalanches may be. divided into * two 
principal classes ; dust aval&nches, and ground 
avalanches. * 

Du&t avalanches generally occur aftef heavy 
siiowfall^ and in stiU weather, because the 
snow accumulates on steep slopes until it 
finally gives way ; first in one place and then 
in another; first slowly, then more rapidly, 
until at last it fnphes down with a noise like 
thunder. ; 

The falling mass of snow compresses the 
air, and makes a violent ^wind, which often 
Hbgs more mischief than -the actfial ^valanche 
itself.* A* great part pf the snow rests at the 
foot of the declivity from which it falls, but' a 
par^ IS caught bj^ the wind and carried to, 
a considerable distance. Such avalanches fall 
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irregularly, as they depend on a,,variety Of 
circumstance^; tliey cstonot therefe^e be fore¬ 
seen, and do much damage, often Ifilling eve^n’ 
wdd aUfimals. * 

Ground avalanches occur generally m spring, 
when the snow isi tb,awing. The water runs 
off under the snow, which thus beccftnes hollow, 
only* touching the'* ground in places. A slight 
“shock is sufficient to set it in mdtiion” and it 
tears away down to the ground, which it leaves 
exposed. Such avalanches depend therefore 
on the configuration of the surface, and are in 
consequence comparatively regular. ^ In many 
cases they follow the same course year after 
year.' In these tracks, trees cannot •‘grow, but 
only grass or"low btishes. 

The front part of the avalanche of xjourse 
first bd^ins ,to slacken its speed. Th§ part 
behind then presses on»»it, and often pushes 
over it. Those who have been enveloped 
in an avalanche all agree, that during,the 
motion they»could move with comparative 
freedom, then at the moment of stopping ^ 
came •extreme *• pressure, and they found 
themselves suddenly encased in solid hse. 
Pressure had caused the particles to, freezek 
. suddenly.^ * * , 

• Avalanches are often looked on as isffiated, 
and exceptional phenomena. TJjiis is quite a 
mistake. They are an inaphrtant factor’/in 
Alpine life. The aniounf of»!«now which^ tlmy 
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bfing dowii^is^eaormous. Coaz ^ estimates^ it in 
certain districts as equal* to 1 m'etr^ of ^now over 
whole district. Without* them the higher 
Alps woufcf be colder, the lower regioftsF'hotter 
and dritr. The snow-line would come’down 
lower, jmany beautiful Alps vould be covered 
with perpetftal snow, the glaciers would increase, 
the climate become mbre soivdre, the mountains 
less haUitajpIe. To apj^reciate the importance' 
of avalanches* one must ascend the mountains 
on a warm 'day in spring. From every cliff, 
in every gorge we hear them thundering down 
all* round us. They descend on all sides like 
hundreds of waterfalls, sometimes in a silver 
thread, sometimes like a broad cataract. * The 
mountain seems to be shading off its mantle 
of snow. * 

HoVever destructive then they may be at 
times, avalanches are on the whole a* blessing.^ 


Glaciers 


/tm 


By the slow action of pressure, aqd • the 
pe«3olation of water, which freezes it de¬ 
scends, the firn pas^s gradually into ice. 

cool and snowy summers the thickness 
of* the layer of firn increases. It ik deepest 
in the higher regions, ande thins out gradu- 

* * * •' t " r 

* IMeLavdTiminaen^chweizeraZpmi, Bern, 1881. 

. ^ ^im, Gletsdief&unde. 
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ally, until at length ice appears^oiu the'actuftl- 
aurface, apd tjie tirn paSses into a ^cier. 

Glaciers are in' fact rivers of icf, which ip-* 
deed s<*Qletimes widen out into lakes * Glacier 
ice differs considerably from firn ice, «ind the 
molecular process by which the one •passes 
into the other is not yet thoroughly under¬ 
stood. Again, if* a»piecb of ice from a lake 
*is melted in warm air* the surface gradually 
^iquefies and the whole remains clear; on 
the contrary, a piece of compact glaciep ice 
from the deeper part of a glacier if similarly 
treated behaves very diiferently; a number 
of capillary cracks appear, which become more' 
and “more evident, and gradually the ice 
breaks up iifto irfegular, angular, crystalline 
fragments. These *are known as the “grains 
du glacier ” pr “ Gletscherkorn,”’and wefe first 
described by Hugi.^ They increase gradually 
in size, but how this growth takes place, and 
whether they are derived from the granules 
of the firn, ia still doubtful. 'When the firn 
passes into the glacier th^y’ may be about 
\ inch* across; in the middle part of a, large 
glacier about the size of a walnut, and at "the 
end 4 or even 6 inches in diameter., Thos^^ 
at‘the end of the Ilhone Glacier vary much, ill 
size, but the majority are under an inch across. 

In SQme cases* they are tolerably uniform 
.in size, in others large and*small are mixed 

^ Das TV9sen der Gletscfvr, 1842. 
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fc<Sgetli%r. * ^On any clean surface of glacier 
ice they ^ise easily visible, as,for, instance 
the ice |unnel which is’ so often cut at 
: the end o^'glaciers. Their surfaces |Jr€sentfa 
series o£ fine parallel striae, first noticed bj 
^orel. r Glacier ice then jnay be said to be a 
granular, aggregate of ice crystals. By alter¬ 
nately warming and cboling snow, and saturat¬ 
ing it repej^t^dly with water, Forel found that 
he produced *n ice very similar in structure 
to that of glaciers. There seems no doubt 
that this structure considerably facilitates the 
movements of glaciers.^ 

Glaciers are generally higher^in the midtile, 
and slope down at the two sides owing to the 
warmth reflected from thelrocks.* When the 
valley runs north and south the two sides 
are equally aflected in this respectj but when 
the direction is east to west or west to east 
the northern side is most inclined because the 
rock^ lie more in the sun, while those to the 
south are more in the shade. 


Movemkjnx 

• 

/ Rendu, afterwards tBishop of Annecy, in 
(TB^l first stated clearly the*similarity between 
the movements of a river and those of a 
glacier. ^ ‘ 

Subsequent observations have confirmed 

, ‘ ^ Eklm, Oletscker^undc. 
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Rendu’s statemei^ts. In fact th^ faciei* ma^* 
be said really,to flow, though of ecwrse very 
slowly. ‘ • . ^, 

•The^tovement of a •glacier resembles that 
of^ a ^rue river, not only generally, •but ii^ 
many details ; the^ centre moves more qtiickly 
than the sides'; where the course curves, the 
convex half moves •more quickl;^ than the 
concave, and the surface more qukskly than 
tjie deeper portions. The moverAi^nt is jnore 
rapid, indeed some three times more qutck, 
in summer than in winter. ^ 

The first detailed observations on the mpve-. 
mentS of glaciers w«re made independently 
and almost simultaneously by Agassiz on the 
Unter-Aar glacier, and by Forbes on the Mer 
de Glace. 

The yearly motion of the S\viss glaciers 
is estimated at from 50 to 130, fti some 
exceptional cases even 300 metres. The 
rapidity differs however considerably, not 
only in different glaciers, but in different 
parts of the same glacier; ir> different years, 
and different times of year. The remains of 
Dr. Hamel’s guides, who perished in a crevasse 
on the Grand Plateau (Mont Blanc) on 20th 
.August 1§20,* were found in 1861 near the* 
•lower end of the Glacier des Boissons, haVing 
moved 2fi00 metres in fort^-one years^ ,or 
nearly at the rate of 70 metres a year. , 

It has been calcufeled tThiatm particle* of iqe 
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•^oul(J tak^ ap least 250 years to descend from 
the Stral^ock to the Fower end^of fhe tlnter- 
*4iar Glacier; from the summit of the Jungfrau 
to the encl of the Aletsch Glacier about 
^ears. ® 

During the Middle A^esathe Swiss glaciers 
appear on 'the whole to have been increasing 
in size, and to have feach?«d'a maximum about 
the year 1,^20. After that they retreated till 
abouf 184(^<-when they agaan advanced until 
1850-60, since which time they have greatly 
diminished, though some are now again com- 
^ mencing to advance. Those of northern 
Europe appear to be ako increasing.^ ‘It is, 
of course, impossible to^ make any decided 
forecast as to the future. ' 


« 

Cause of Movement 

But why do glaciers descend ? 

Scheuchzer in 1705 suggested that the water 
in the fissures of the glaciers, freezing there 
and expanding as it froze, was the power which 
urged them forwards. Altmann aiid Gruner 
in 17(50 endeavoured to explain it by suppos- 
' ing that the glaciers slid over their beds; and 
no doubt they do so to some exteht, but this 
is quite a subordinate form of movement. 

Bdrdier regarded, the ice of glaciers “ not as 

' < 

L Heim, Oletschtrkimde, 
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a mass entirely frigid and imn\pbjle, but 
a heap of cq^gulated baatter or softened 
wax, flexible and ‘ductile ‘to a cer^a^n point.”* 
TMs, th^ “ Viscous ” theory, was afterwards 
most ably advocated by Forbes. Nft doub^ 
tlie glacier movea a^ a viscous body would ; 
but the ice, far from bein^ viscous, is extremely 
brittle. Crevasses abegin as narrow cracks 
which may be traced for hundred's, of* yards: 
^ slight difference*of inclination of the be^ will 
split the ice from top to bottom, ft is, in ffict, 
deficient in that power of extension, which^ is 
of the essence of a viscous substance. . * 
The explanation mow generally adopted 
is th^t which we ,owe mainly to* Tyndall. 
Faraday in 1850 ’observed, that when two 
pieces of thawing ice are placed together they 
freeze al thg point of contact. • Most men 
would have passed over this little qjbshrvation 
almost without a thought, or with a mere 
feeling of temporary surprise. EmiriyBnt 
authorities have differed in • the explana¬ 
tion of the fact, but into this part of the 
quesfioA I need not now enter. Sir Joseph 
Hooker suggested the term Regelation,” by 
which it is now generally known, and Tyndall 
.has applied it fo explain the motion of glaciers." 
•* Place a number of fragments of ice In a 
basin of ;svater, and they will fr^pze together 
Ayhertfver they touch. AgaidJ a masi^ o!^ ice 
placed in a mould ftM subjexjted to pressure 
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'breaks in |)i^es, but as the pieces reui^te by 
,regelatio»they assume the form*of the mould, 
amd by a, suitable mbuld the ice may be forced 
to assume any given foVm. The Alpifid'yallSys 
^re such moulds. When subject to tensic^n, 
the ide breaks and crev«,ss€«s are formed, but 
under pressure it freezes together again^, and 
thus p^;eseryes its contmuity. 

Professor Helmholtz in his scientific lectures 
sums* up tl^ question in thtse words—“ I dp 
not* doubt that Tyndall has assigned ^the 
e^ential and principal cause of glacier-ipotion, 
in* referring it to fracture and regelation.” 
Heim, however, does ncrt regard the problem 
as. being J'et by any means, solved.^ He points 
out that, as in the case of water, h large glacier 
mov^s under similar conditions more rapidly 
than a small* one. Many bodies,w^l ‘in small 
dimensfone retain thifeir form, which in larger 
masses would be unable to support their own 
weight. A small clay figure will stand where 
a life-sized mo‘del will require support. 

Sealing-wax breaks under tension like ice, 
but under even slight pressure gradually modi- 
f fies its form. Prof. Heim is convinced that if 
^a mas^ of lead, corresjjonding to a glacier, could 
be placed in a Swiss valley, ft wpuld move 
to a great extent like a glacier. The size 
of. a. glacierc is ^therefore ah important factor 
in the question, hn^ throws light on the® more 

Qletsc^rhmde, 

' t 
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rapid ^movement,of the greater gi^i'er^, eveft* 
when the Jlnclination of*the bed is*igit slight. 
In Heim’s opinion then •the weight of tig3* 
ic^ is ^dfiicient to a(?count for movement, 
tl^pugn the character of the movement ^nd the 
condition of the glacier is due to fracture ancf 
regelation. He sums it up in the* statement 
that gravity is moving force, and the 
glacier grains the prevailing mecha^ic^ units 
cjf movement. • 


Crevasses 

The rigidity^ of ice is well shown by the 
existehce of crevasses. They may be divided 
into three classes:— 

• 

1. Marginal. 

' • 2. Transverse. 

3. Longitudinal 

The sides of most glaciers are fissured eyen 
when the centie is compact. T'he crevasses do 
not run in the direction of* the glacier, but 
obliquely to it, enclosing an angle of abou^ 45° 
(Fig. 29, m m) and upwards, givihg 

an impression that .the ‘centre of the iglacier ^ 
.is left be|jind*by the quicker motion of the* 
•sides. This was indeed supposed to be* the 
cause, until Agassiz* and Forbes prpved that, on 
the contrary, the centre movld most rapidly. 
Hopkins first showed that the obliquitiy of 
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•tJhe lateral^ crevasses necessarj.ly followe4 from 
^the quick#!*movement*of the centre.* 

« Tynd^ .gives thS following illustration :— 
“ Let ^ ^ in the annexed figure, be <5ne sfde 
of the Racier, and B D the other ; and let t];ie 
airectfon of the motion Jbe that indicated by 
the arrcfw. * Let 2’ ^e a trapsverse slice o/ the 
glacier,^taken straight across it, say to-day. A 
few days or weeks hence this slice will have 
been, Carrie^ down, and because the centra 



moves more quickly than the sides it will 
not* remain straight, but will bend into the 
form & T'. ' • 

“ Suppose ^ ^ to be a small square of the 
original slice near the side of the glpcier. In 
its new position "the square will be distorted 
F^to the? lozenge-shaped figure Ti'. Fix your 
attention upon the diagonal Ti of tjie square ; 
in the lower position this ^diagonal, if the ice' 
coul4 stretch, \yould be lengthened, to T'i'. 
But thuB ice does qot stretch, it breaks, and 
w.e have a cre^F^asse forrifed at right angles 
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to T i'. The mere inspection of^ tl^e’ dingraiii* 

will assume ypu that ^e crevasse; yrill point 
obliquely ujpward'y • ^ * 

•Mai^flaal crevasses‘then arise * from the 
movement of the glacier itself; transverse 
and longitudinal ^reyasscs are caused by thS 
form of the valley. If the inclination of the 
bed of a glacier increases,*even if the difference 
*be but slight, the ice Is strained* ^nd, being 
incapable of extension, breaks across. ^Each 
fresh portion as it passes the brow snaps* off 
in’turn, and thus we have a succession of 
transverse crevasses. In some cases these 
units with the transverse fissures, thus form-’ 
ing great curved crevasses, stretching right 
across the glacier* and of course with the 
convexity upwards.* 

Longitudinal crevasses occur wherSver a 
glacier issues from a comparatively^narrow de¬ 
file into a wider plain. The difterence of in¬ 
clination checks its descent; it is pushed from 
behind, and having room to expand it widens, 
and in doing so longitudijiifl crevasses are , 
formed. , 

The sides of crevasses are of a brillilint 
blue, and often look a^ if they were ijut ou^ 
of *a mass of beryl! The mountaineers hav^ ' 
a tradition that glaciers will tolerate no 
impurity, and thbugh this is pot of course 
.a c(#rrect way of stating tHfe question,* as a 
matter of fact the iefe is of g»gat purity. 
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•Veined Structure 

^ Glacier ice very often looks as if it had beSn 
carefully Vnd regularly* raked. It prfisfents fn- 
numeraJole veins or bands of beautifully blue 
filear ice, running through ihe general mass, 
which is re^idered whitish by the presence of 

f • r. 



innumerable minute air-bubble^‘5. The blue 
plates are more*oc less lenticular in structure, 
sometimes a few inches sometimes* many 
yards in length, but at length graddally fade 

whole surface of the glacier in such 
parts® is lined with little grooves and ridges, 
the more solid blue veins pitojecting spmewhat 
beyodd the w1biittfr,ice. This structure is <Verv. 
common, though*, presenting different degrees 


liway. 
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of perfection in different glaciers^ aji(f dfffereifl> 
parts* of the s|ime glacier. It is nlpdered the 
nfore conspicuous', because the fipe particles* 
of* dirt^ are naturally biown, and washed into 
the fihrrows. The veins are often obiique, in 
nlkny cases transwerge, in some longit«dinaf, 
and in others vary in different ph.rt* of the 
glacier. * • * 

• Here also we owe, *I think, thg true ex¬ 
planation to Tyndall. We will begin^ with 
the oblique veins, which are niost maAed 
at * the sides, and fade away towards the 



Fig. 29. 

• • 

centre of the glacier. Tyndall points out 
that if a plastic substance, such as mud^ be 
allowed to fipw down a sloping canal, the 
lateral portions, being held Wk by the sides, 
will "be* outstripped by the centre. Nqw if 
three ciil;les (Fig. 29) be.stamped on fhe 
mud-stream, the central one will retain its\ 
forili, but the’two lateral ones will gradual!/ 

; elongate. *The shorter axis in m m of each* oval 
is *a line^ of pressure, the longer ^is a line of 
strain, consequently aloii^ tire line ^ m, or 
across the tension,# (ve hav^ as already ex- 
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, T^ainefl, th^ ^jaarginal crevasses; while across 
the line, Qr«perpendicular to thQ pressure, we 
*Wve the .Ngoined strifeture, which is in fact a 
form of cleavage. Inddfed, tension ancf ^essitre 
go together, the one acting at right angles to 



Pio. 80.—sicetch Map of the Mer de Qlace. 

• • 

*the other. Passing to the cases* of tran8v^3i^e 
veining, we find if we walk up a Racier pre-v, 
senting this structure that we eventually come 
to ari ice-fall* or^'cascade. At the foot of the 
fall the ice is cjFnptessed*and this gives rise 
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to transverse v^jining. LongitiyJijial ^einiif^ 
HI the same manner arises when two glaciers 
meet, as for instance the Talhfy^. and the* 
LSch^ifd* (Fig. 30), whdte we have transverse 
Pljessure and in consequence lon^tudinijJ 
veining. How gteat. must be the pressure in 
SUCI 4 cases we can faintly^ realise if* we» bear in 
jnind that the glaciers which unite to form 
the great Gorner Glacier have a* width of 
^200 metres whifch is compressed^to lOQfi and 
further on to 500 metres. 

Tlje pressure acts on the ice in two ways— 
Firstly, in the same manner as it pro<Jubes 
lamihation in rgcks ; ^nd secondly, by partially 
liquefying the ice, thus facilitating l^he escape 
of the air-buBbles, which causes its whitish ap¬ 
pearance. 


Liquid*Disks 

The Solar beams also form innumei;p.ble 
liquid disks. .As the water occupies less space 
than the ice each disk is accompanied by a 
small Vacuum, which shines like silver, jmd is 
often talcen for an air-bubble. 


J)lRTBANDS 


see 


If we look down on the*Mer de Q^lace we 
(Fig. 30) a serte’s of *gra 3 i, curved,.o]u bent 
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'Bands* wlii^h^follow each ot^er in succession 
from Trdl^porte down^^ards. . , 

‘ «, These/‘/Jirtbandsr” have their origin at the 
ice cascade upon the Glacier du Geahf.^ The 
glacier is broken at the summit of the ice-fall 
(Fig. 28), and descends the declivity in a series 
of transverse ridges. Dust, etc., gradually 
accumulates in the follows, and though the 
ridges arejiy degrees melted away and finally 
disappear, the dirt remains', and forms th^ 
barfds. They are therefore quite superficial. 
Similar bands occur on other glaciers with 
ice 9 ascades, and as many as thirty to forty 
may sometimes be traced^ 


Moulins 

At lAgtjLt and in twinter the glaciers are 
solemn and silent, but on warm days they 
are ^enlivened by innumerable rills of water. 
Sooner or latep these streams i;each a crack, 
down which they rush, and which they 
gradually form into a deep shaft. These are 
knbwn as glacier mills or Moulins. Of course 
/che crack moves down with the glacier, but 
the same cause produces a new brack, so that 
the process repeats itself over and over again, 
at approximately the same'place. 4- succes¬ 
sion of, forsakefiMoulins is thus forfcaed. 
Moulins are oftevu* very dfeep. Desor sounded 
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one ^n the Fin§|ter-Aar glacier ^wjiich’had ^ 

depth of 232 metres. * - * 

The so-called (Giants’ cftldrons, wh^ch will he 

d^scritffed further on, atl-e sometimes regarded 

as indications of ancient glacial actibn. J± 

is probable that •in the case of the sc*-callea 

“glacier garden'’^at Lucerne this"is iso; but 

as a general rule they were probably formed 

V river action. * * 

, In the larger glaciers most of tjie subglacial 

ri’^ulets unite under the glacier and flow*out 

at th§ end in a stream, often under a beautiful 

blue flat arch generally from 1 to 3. I^uti 

sometimes eve^ 30 metres in height. In many 

cases* it is possibly to enter them* for some 

distance, and' galle’ries are often cut. The ice 

is a splendid blue, the surface takes a number 

of gentle^ curves, and when the ligh^ from 

outside is reflected fiom the surfaces, it 

assumes by complementary action a delicate 

tint of pink. 

Moraines i 

• 

The r^iountain sides which surround glacjers 
shower down on them fragments, and some^ 
tiniies immense masses, o^^ rock, which gfadually' 
accumulate at the sides and at the end, and 
are known as “ MQraines.” When two gfaciers 
meet, a* “ medial ” moraine ^s formed by the 

^ The word “Moraine” was adopted by Gharpentier from the 

local name used in the Valais, and has no ^ become gentrai. 

» % 
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«ftiion 'of* twQ “ lateral ” moraines (Fig. 30), 
while th^ ^matter cafried along lyider the 
'giRcier is , known •as “ground Moraine.” 
However 'many glaciers may unitb, the 
moraines keep themselves distinct, ancl m^ 
often •be seen for mileg stretching up the 
glacier se.de*by side. 

Even from a disfancet. w*e may often see 
by the colpf that different moraines, and the' 
two s|des of *a medial moraine, are compose^ 
of different rocks. On the Aar glacier the 
left half of the medial moraine is composed of 
dark micaceous Gneiss and Mica Schist; the 
right half of white Granite. Tjie right la’ceral 
moraine of the Puntaigl^s glacier, oil the 
south of the Tbdi group, ii madfe up of dark 
greenish Syenite and Granite, the first medial 
moraine is of ^titaniferous Syenite,, therf comes 
a second'of^ yellowish tred Kothidolomite with 
some Dogger; then several of bluish black 
Hoc)igebirgskalk, and lastly the left moraine 
is of Puntaiglas Granite, and ..various sedi¬ 
mentary rocks "from Verrucano to Eocene.^ 
The 5altora glacier in the Hindu Kush has no 
les^ than fifteen moraines of different; colors. 
■fi?he different moraines do not mix; and 
ff-agments from one side, even ^of the same 
morailie, never pass to the other, t)ut move 
down with ice, in the same, relative 
position?. 

1 — *^letscherkund9^, p. 348. 
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The glacier often rests directly on^tlfe solid- 
rock,*but, in jnany places there isif g. layer of 
clay and stones, to’ which Gh. Martins gave the’ 
ngfnie df •“ ground moraine,” and ijf ^lie under¬ 
lying *rock is examined it will be fouiid to be 
more or less polished and striated. Tihe im*^ 
portance of the ground moraine was first 
pointed out by Matins. The pressure of the 
glacier on its bed must be very greH. * On the 
Aletsch glacier it« has been calculated to^be as 
much as 4 tons to the square decimeter ; under 
the Arctic glaciers it must be much greater. 
In thie winter of 1844 some poles of timber 
wer^dropped under the edge of the Aar glacier, 
in thfe following year they w^ere fonnd to be 
crushed to small ftagments. Blocks of stone 
are gradually grouhd down and reduced to 
glacial Inud.^ This is so fine that it renfains a 
long time* in suspension in waterand gives 
their milky colour to glacial streams. The 
ground moraine is no doubt formed in ^me 
measure from surface blocks which have 
found their way through creVasses, and have 
to a’ great extent been crushed and re(^uced 
to powd’er; but as ground moraines ocbur 
under ice-sheets, such as that of Greenland,! 
whbn there ^re scarcely any surface blocks?, 
it is clear that the material is partly derived 
from the, underlyiilg bed. ^ ^ 

At the lower end of the ,^lacier a terininal 

, , O 

^ Revue J)eitx Mond^._^ 1847. 
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ffioraiife ’gradually accumulates, which may 
reach a h^||ht of 50, I'OO, or ev^ 5Q0 metres* 
%iiey are jnore or** less curved, encircling 
the lower *end of the glacier. 

The ^ quantity of debris differs greatly 
in different glaciers : aome^ as the Rhone, 
Turtmaan, *etc., are comparatively free, while 
others, as the Zinal and the Smutt, have the 
lower ehd^ ^almost entirely covered. 

It ^is difficult to give the actual number 
of glaciers m Switzerland, because some ob¬ 
servers would rank as separate glaciers what 
others would consider as branches, but the 
number may be taken a« between 1500 and 
2000. The total area is al^out 3500 sq. km. 

The mean inclination of large glaciers is 
from 5° to 8°, falling however even to less 
than a degrees The hanging glaciers are much 
steeper. - e 

The greatest thickness of the ice can only 
be estimated. In one place of the Aar glacier 
Agassiz found a depth of 260 metres without 
reaching the bottom. From the configuration 
of the surface, however, it may safely be 
calfeulated that the ice must attain a thickness 
,4n places of 400 or even 500 metres. It has 
been calculated that the ice of the Gorher 
glacier would be enough to build three 
Londons. ^ " 

Th‘e .distance' to which a glacier descends, 
depends partly qn tKe extent of the collecting 
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ground, partly on the configuration <ff th<» 
surface. The ,Gorner gtacier advailaes so far 
on account of the magnitude of the snow* 
fieWs ahcA^^e. In 1818 1»he lower Grrmdelwald 
glacier descended to 983 metres abcfve the 
sea level. In 18X0 had receded to* 1080* 
metres. The lower limit of the Mdt d« Glace 
is 11^0 metres. In .the Tlastern Alps, where 
the climate is more chntinental •jyid* drier, 
the general limit is from 1800 to 2300 
metres. 

Ice Tables 

Small bodies, such ^s pebbles, dust, insects, 
etc., tend to sink into the ice. On 4;he other 
hand larger stX)nes intercept the heat. 

On most glacieVs may be seen large 
stones lasting on pillars of ice^ Thesb are 
the so-called ice tables. *If the stone be wide 
and flat, the pillar may reach a considerable 
height, for the ice immediately under it, being 
protected froni the rays of the eun, melts fess 
rapidly. The tables are rarely‘horizontal, but 
lean \o»the south,- that side being more, ex¬ 
posed to the sun. Small stones and sand, bn 
the contrary, absorb the heat and m^t the’ 
sno^ beneath* them* unless indeed there is a* 
^sufficient tliickness of sand, in which case they 
intercept ,the heat hnd form coneys, sometimes 
ten o# even twenty feet in height. 

Medial moraines#ih th^ saape way tend to 
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bheck«tlle melting. That on the Aar glacier 
rises 20, and ev^ 60 me^ires ^bove the 
general surface, and from fhe summit of the 
Sidelhorn"it gives the impression of a wide 
black v/all separating two white rivers. In 
*Ureenland such ice-wall^ haj/e been known to 
attain a height of 125 metres. 

We^ can hardly h*ave a Better introduction 
to the'^stj^dy of glacfers than a visit to the 
Rhone glacitr (Frontispiece). The upper part, 
which is not shown in the figure, is a mag¬ 
nificent and comparatively smooth ice-field. 
^Tfien comes a sharp descent, where in a river 
we should have a cascade or series of cascades, 
and where the ice breaks into a series of solid 
waves. The crests gradually ^melt, and as 
dust and stones collect in*the hollows, and the 
centre of the glacier moves more, raj)id]y than 
the sides,^we have aosuccession of dirt bands 
which curve across the glacier. 

,Below the fall, the bed of the glacier be¬ 
comes again comparatively flat,» the glacier is 
squeezed out ‘so, as to become considerably 
wid^r, and as the ice cannot expand It splits 
inl;o a number of diverging crevasses. This 
^was much more marked,when I first visited 
*the glacier in 1861, and when' it was much 
larger than at present. 

If we st^t from the hotel, after crossing 
the fivgr, at a Very short distance we cotne to 
a bank of loose ^and and* stones, some angular, 
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some rounded, whicii curves across the ^m,lley^. 
esicept* where has beei? washed a^£^ by the 

river. This is the moraine*of 1820, and show^ 
the* line* aft which the giacier stoo(f*fbr some 
years. * The Swiss glaciers generally inereased 
till* about 1820, ^hei^ diminished for .some 
years, increasing again till about* 1855-60, 
since Vhich they h*ave retreated considerably. 
The moraine of 1856, in the case of^t^ie Hhone 
glacier, forms a well-marked ridg* some^ dis¬ 
tance within that of 1820. * 

From that ridge to the foot of the glacier, 
the valley is occupied by sand and stones m 
irregular heaps, some .of them smoothed and 
ground by the glacier. This is espetially the 
case with the^ largfer stones, which show a 
marked difference oh their two sides, that 
turned t(twards the glacier being smooth, tvhile 
the lee side is rough an^i abrupt. Many of 
the stones were evidently pushed by me glacier 
along the valley, and have left a furrow behind 
them. The Rhone wanders more or less over 
the flat bottom of the valley, «ai5id spreads out 
the material which has been brought down ^7 
the glacier! * 

Here and there on the glacial deposits lie 
blocks with frfesh angles, totally different in* 
ippearance*from the rounded blocks borne by 
the ’glacier,. These Have been brought down by 
ayalantehes. 

Near the glacier two other small, mor- 
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•ainesj the outer one that of 1885, the inner 
of 1893. VV^e know that th*ese^ mornings were 
deposited by the glacier, add no one who has 
seen thefti can doubt that those farther and 
farther down the valley have had a ‘similar 
^origin, 

Tha Rhone flows from tne loot of the giacier 
in various and varying s^rehms, but especially 
at one* piffle near the'centre of the face of tile 
glacier, wh^re there is a beautiful blue arch, 
about 25 metres in height. 

In 1874 careful measurements were com- 
nienced by the Swiss Alpine Club*. At 
firs*t lines of stones were placed amiually 
at the ifoot of the glacier, but the river 
washed them away so much »that the pre¬ 
sent limits are laid dbwn annually on a 
plan.* It i» found that just as the glacier 
advances when we have a succession of cold 
and snowy years, and diminishes when there 
have been hot and dry periods; so in each 
ye\r, even when the glacier i^ on the whole 
retreating, it ddyances in two or three of the 
winter months. Amongst other mekns of 
studying the glacier the Commi&sion have 
placetl lines of stones. across it at some 
distances above the fall.* One of these‘ lines 
was arranged in 1874, the stoiies painted 
yellow, and their position carefully marked. 
When they caiii^ to the fall they disappeared 
for^ fliur year^ after wjiich some of them 
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again .emerged at the surface, jwul soflie oi* 
the central on«s have reached the 4(»wer end 
of the glacier, which has retreated sppje yard% 
frofti tl)e spot at which they were deposited. 

jls in many of the most accessible ^aciers,, 
a gallery has been cut into the ice, and is 
well jvorth a visit. ^ 

. The exquisite curves into which the. ice is 
melted by the eddying currents of ai» are very 
lively. Again, oife can easily trac%the gUcier 
► grains especially if a little ink or other colofed 
Huid rubbed over the surface of the ice, 
when it runs down between the grains, m?jrK- 
ing them out with dark lines. Each grain, 
moreover, shows very fine lines of crystal¬ 
lisation, which are*, parallel in each grain, 
but difier in different grains. The ^chieJ 
attraction,.however, is naturally the splendid 
blue color of the ice, and the Icwefy pinl 
complementary tints of the reflections fron 
the surface. 
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ON THE ^OEMER EXTENSION OF GLACIERS 
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The present scenery of Switzerland has Been * 
mach influenced by the former extension of 
'glaciers, and the fertility of the coun<;ry is 
greatly enhanced by the materials which they 
have brought down from**the mountains and 
spread over the low couiftry. Several of the 
lakes; moreover, which add so much to its 
beauty,#.owe their origin to ancient moraines. 

The existence of a glacial period and the 
great former extension of the Swiss glaciers 
is {proved by four lines of evidence, namely:— 

1. Moraines aeid fluvio-glacial deposits. 

2e Erratic blocks. ^ * 

3. Polished and striated surfaces. 

4. Animal and vegetable remains belonging 
‘to northern species. 

V 

Glacial Deposits 

I 

Gflaoial depi^ts^ tnajf be classed binder 
two .heads:— ‘ 
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1. Moraines. 

. 2. Glapial ,deposits \\rhich habeen re¬ 
arranged by water and may be termejJ 
flifs'io^l^ciaL • *** 



t 


Pia. 31 .—View of the Griraseh 


* Morajnes are characterised hy^ the presence 
.of ifolished and striated pM>bles, intertnixed 
with more or les# •angi51ai>/ragraent;g,_often 
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.«oming Yrom a gre^t distance and yet not 

rolled, iri^ljularly depdsited in i^nd.and mud, 

‘wtiich, however, is not stratified. 

•• • 
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rearranged by w^ter, like river gravels.• Th^ 
are glacial dt^posits caifght up anA parried to^ 
a greater or less distance t)y water,^. • 

• T1^^5 two deposits are in intimate rela¬ 
tion ; they agree in their compositton, an<^ 
diher only as regards stratification.* The 
fluvio-glacial beds, as we come 'nefirer and 
nearer to their source, are composed of larger 
*and more angular peb*bles, while ^he strati¬ 
fication becomes* less and les^, regulg-r, so 
that they approximate more and mor^ to 
the character of true moraine. , 

Tlie surface of a true glacial deport* its 
irre^lar, and .presents a succession of hills 
and Valleys, often, more or less Voncentric 
in outline, aifd enclosing a central depression 
(the site of the glac*ier itself), so that it^forms 
a sort of an\phitheatre. Sec for* instance Fig. 
33. The Wettingen Feid in the v%ll<^ of the 
Limmat is the cone of fluvio-glacial deposits 
from the ancient moraine of Killwangen. ^ 

As glaciers often retreat ai^ then advance 
again the cone of transitiofi in many cases 
presents alternations of true morainia and 
fluvio-glacial strata. • , 

When the glacier retreated, the water occu- 
pieci the central depression between the ice 
and the moraine, forming a lake. In*mosb 
ca*ses, hogwever, it *cut by degree^ through the 
^noreftne, and drained the laSe. The ,streams 
then wandered over the old glacier beds .That 
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the laKe naturally overflowed at the iQwest 
point of thXj moraine, * explains *vhy, the out- 
now is of^e^i not in ‘the centre of the valley, 
and occasionally at sdme distance frdip the 
end of the lake, as for instance, at the Lake 
of HaMwyl (Fig. 35). 

Far down the valleys vje find morajpes, 
exactly ^similar in charactea: to those still being^ 
formed along the sides and in front of exist¬ 
ing glaciers,»and repeated %ain and again 
indftating that glaciers must once have §x 
teryied far beyond their present areas. 



Flo. 33. —Glacial Deposits. /), site of aniAeut glaciv; Z, uioraine; 
z, iluvio-glacial dej)Osits. 


Th« Rhong glacier occupied the Vialais, in 
which arg several ancient moraines* it filled the 
whole basih of the Lake of Geneva; and the 
high terrace of St. Paul above Evian is a 
mortiine, due to, the confluence of the ancient 
glaciers of the Rhone and Dranse; so is also 
the promontory of Yvoire. Still furth^ down 
the*va,lley glacial deposits are found along the 
Rhone as far as, and eyen beyond Lyons, ^ and 
down the Aar to Waldshut. 

Fig. 34 represents river terraces and glacial 
deposits in the valley of sthe Aar, a shoirt 
distance abovb Coblenz. 

* Falsai^ and Chantre,«&e3 HiidenmG^iers du Bassin dti Mh&ne. 
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!fassing fro^a the Aar eastwards? in flhe 

district pf the Wigg5r, there al*^ important 
moraines round the Lake of Wj^ujvyl, which 
<^as,ftself the site of •a Lake Village carefully, 
studied by Col. Suter, but is now droned. ^ 
In the valley of ^the Suhr is an important 
terjninal moraiije at Stafelbach* another at 
Triengen, while a* third encircles and has 
given origin to the iJake of Semspach. 

In the vall6y of the Winap ther,e is a 



Fia. 34.—Section%cros8 thS Valley of tlie Aar above Coblenz. Scale, length 
1 = 100,000; height 1 = 25,000. Lower alluvial terrace; y, upper alluvium 
covered by moraines and Lde.ss ; x, alluvium of the uxiper plateaux, covered 
by Loess; ^ Jurassic strata in situ. • 

• 

terminal moraine at Zfezwil and another just 
above Munster. 

In the valley of the Aa, are three grpujis; 
firstly, one • near Schafishei^; secondly, at, 
the, north end of the Lake of Hallwyl are* 
sever^ ,moraines (Fig. 35); thirdly, between 
Schafisheim and Egliswyl are three moralne^, 
the inner one encir^ing a moss, • marked 
Todtennjoos on the map, through which runs 
l^e river Aa. Npar Nieder Hallwyl is another 
semicir«ular moraine enclosing «,n area ,of low 
ground and the end of .the lake. It extends 
along the hill on bolh^sides*c£ the water. The 



^ f ^ Typo.F.tchi»£ Co.Iic 

*?•—Map of the country betarcen Lucerne anil Aarau. > 

Dark llnea—Anqient iiioraines. Dots—Erratic blocks. 
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moraines are in parts roughly ^stratified, atwi 
fall*aw£^ f^om the lake, havirf^ originally 
sloped no doubt ’ from tke great dome of t^e 
glacieflf.* A third greup encircles* the lower, 
end of the Lake of Baldegger. 

In the valley of J:he Reuss is perhaps tfie 
finest group of all, consisting of fijre ridges 
forming an ampliitheatr^ round the little town 
of Mellingeii. The Heiterberg, Tjpt^een the 
Reuss and the -Limmat, is als®^ encircled by 
one, which reaches a height of no less *than 
lt)0 metres. 

In the valley of the Limmat there *is. a 
fin^ terminal moraine at Killwangen, another, 
belcfw Schlieren, ,a third at ZiiMch, and a 
fourth forms the *bank which crosses the Lake 
at Rapperschwyl. * These terminal moraines 
are cdnneqted by lateral moraines Innning 
along the sides of th^ hills. "Jh^y do not 
mark the greatest extension of the glaciers, 
but indicate places where the glaciers made 
a stand during their final retreat. 

The moraines on the «ofith of the Alp^ 
are** efVen more astonishing. Probably from 
the stefeper slope, and more rapid mdlting 
under a southern sun, •the ends of th§ glaciers 
db not appbar to have moved so frequently. 
Hence fhe terminal moraines are more con¬ 
centrated, grander, and highej. They form 
imliiense amphitheatres toiftninating^irf ridges 
several hundred jfdet hfgh?|ind no one seeing 
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thsm fos* 'the first time would for a moment 
guess theij:^true nature. The, blueness of. 
th/i sky, moreover, the brilliancy of coloring, 
the variety and richness of the vegfetRtiorP, 
give the moraine scenery of Italy an exquisite 
beauty .with which the ^ north can scarcely 
vie. Each* great valley evening on the 
plain of Lombardy Tias oits own morame. 
At the Io\^!* end of the Lago Maggiore at 
Sesto-Calend^ are three enormous concentric 
^moralines.^ Those of the Lake of Garda arc 
perhaps the largest. They form a series of con- 
c^ft*ic hills, and attain a height of 300 metres, 
but those at Ivrea, at the opening of the'Val 
d’Aosta, due to the great glacier proceeding 
from the south flanks of the Mont Blanc range, 
are the highest and most' imposing. They 
form ah amphitheatre round Ivyea. * That 
on the es^t^ known as? the “ Serra,” runs in 
nearly a straight line from Andrate to Cavaglio, 
is twenty miles long, and has a height above 
the valley of 50G metres. The summit line is 
“very uniform. Ouc the outer or eastern side 
of the^ great moraine are several other ininor 
ridg§s. At the eight a similar. Hut less 
elevated* moraine, stretches from Brosso to 
Sframbinello, but it is not so feonspicuou's, 
as it rests against the side of the mountain. 
From Stramb^ello to Cavdglio it fprms a 

" I, 

1 Martins land Gastaldi, Esgai sur les terrains snp. de la Vall4e ' 
du Po,” Bull. Soc. Qiol. France, 185o.% 
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great semicircle which once probably enclosecl 
^ lake, now^ represeuted by *tie Lago di 
Viverone, Lago di Candia, and some smallgi* 
pools.'*® It is nearly "bisected by**the Dora 
Baltea. In fact, it is characteristic of the 
Italian valleys that J:he surface is compara¬ 
tively low where the valley debouqjies into 
the'plain, and theo gradually rises towards 
•■the Po, forming an afiaphitheatrC^wBose en¬ 
circling wall is the outer moraine ^ 

At several places on the south flank oft the 
Alps, morainic masses are more or less inter¬ 
calated with younger marine deposits, closely 
resembling the submarine moraines of* the 
Polar regions, and the Boulder Clay ®f England 
and Scotland. ’ 

The older morhines are, moreover, less 
abrupt,* and the slopes are more gentle. • 


Erratic Blocks 

The second class of evidence proving tne , 
former extension of glaciers is that presented ” 
by erratic blocks, which are often of greaft siize, 
unrounded, and which have* come from a great 
distance. Several -of these are so reiflarkab^ 
that they have struck the imagination pf the 
peasantry, have been attributed to superhuman 
agency, "and have received special names, such 

^ • a 

^ Penck, VcTglei.xiiteTUTig der fie^tachen Alpe%, ^ 
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the Pierres de Niton ” in the lake near 
Geneva, spVcalled from a trWjtion that irx 
Spman times sacrifices were offered upon them 
to Neptunfe"! The “ Pierre de Cranfe near 
Nyon, isp73 feet long and 20 high. 

^ Ther “ Pierre a Botj’^neau Neuch4tel, at* a 
height Qf 2200 feet, is 62 feet in length, 
48 in breadth, and *40 feet*^ high. It is of 
Protogifie,*i{nd probably came from the St.' 
Bernard. « ^ 

Gtlier ce*iebrated erratic blocks are the* 
“ Ploughstone,” which rises 60 feet above the 
grcAind between Erlenbach and Wetzweil, and 
contains over 72,000 cubic feet of stmie; 
the Bloc •du Tresor near Orsibres with a 
cubic content of 100,000 feet; "the Monster 
block at Montet, near Defent, 160,000; and 
the largest of all is, 1 believe,^ a ifiass of 
Serpentiite ^on the Mo®te Moro, near the Matt- 
mark See, which measures 240,000 cubic 
feet. These enormous blocks are of course 
exce{)tional, but smaller ones are»innumerable. 
In some localities are immense groups—foi 
instance on the hill of Montet, near Bevent, 
at ‘ Orsibres in the valley of the* Dranse 
D’Entr^mont above Martigny, at Arpille on 
the north side of the valley of the Rhdnc 
opposite Martigny, and, still furtlier away 
from the mountains, the e'htire sou^h slope 
of th6 Jura is ^iirewn with Granite blbcks 
“ Between Moliers, "TraveiJs, and Fleurier,’ 
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says De Luc, “.there are as mikiiy t)l6cks ctf* 
primitive jrocli as if one Vas in the Migh Alps.” 

One of the most remftrkable gfoijips is at* 
MtintiiS}^, overlooking the valley of the Rhone 
below St. Maurice. We have hefe, say§ 
Forbes, “ a belt or band of blocks—poised, 
as ij; were, on a^ mountain side, ’it tnay be 
five * hundred feet «above the alluvial flat 
through which the Rhone winds bel^w. This 
l^elt lias no great vertical height,•Jjut expends 
for, miles—yes, for miles—along the mdhn- 
tain s,ide, composed of blocks of Granite ot 
thirty,* forty, fifty, and sixty feet in the §iac> 
not h few, bijt by* hundreds, fantastically 
balanced on the angles of one another, their 
gray weathef-beat'en tops standing out in 
prominent relief from the verdant slopes of 
secondary formation on which thfiy rest. For 
three or four miles thercf is a path, ^ir^serving 
nearly th^ same level, leading amidst the 
gnarled stems of ancient chestnut trees w^ch 
struggle round? and among the*pile of blocks, 
which leaves them barely r»om to grow : so 
that ni5mberless combinations of wood* and 
rock are formed where a •landscape-painter 
might spend days in, study and enjoyment. ^ ^ 
As already mentioned, these blocks ^havc 
•copie from a great distance. No similar rock 
occurs in* the neiglibourhood^ and it is often 

* * Agassiz, Estai suv l^aciers, 

Forbos, Travea Ihrm^h the Alps of Savoy. 
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possibJfe 'to' determine the locality from which 
they hav^ Ifeeeii derived. 

. For instance, iiesfi? the K*atzensee is a block 
consisting* of a peculial' variety of Gr^ittp ortly 
known • to occur at Ponteljes - Tobel above 
^rons*in the valley o£ the Ehine. Many 
blocks of the same rock occur on the right 
bank of the Lake o? Zurich, and they can be 
followed *11 the way* to their source. Nol 
one (jpcurs the left of the fake. This coulj^ 
haAlly be tne case on any other theory than , 
that of transport by a glacier. Again, the 
l^lpughstone ” already mentioned agrees with 
the fine-grained Melaphyre of, the Gandfetock 
in the middle of the Canteen of Glarus. * 

The block of Steinhof Aear Soleure, which 
measures 65,000 feet, is* probably from the 
Val de Bagnfts. 

The Fi^re a Bot, ae already mentioned, is of 
Protogine, and has come from the St. Bernard. 

^t is probable that the ancient glaciers 
moved more r^idly than their comparatively 
diminutive desceadants of the present day; 
but ^t the existing rate of movement the 
Pierre a Bot would have taken 1000 years to 
travel from its original hpme on the chain of 
iVlont Blanc to its present site near Neuch4l;el 
and the Granite blocks of Seeberg would have • 
spent 2000 jjears on their Tong journgy. 

It* i^ evident that these blocks cannof have 
been^ brought b}jVa£er, bbth on account of the 
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immense velocity which would tjaife'been re^* 
quire^ to^ traj^sport suhh enormotif^ weights, 
and because, amongst «ther reasons, their* 
angles as a rule shaifp and unrounded. 

Their presence is often attributed t6 super 
iiafural agency, • anch many legends* grew 
up round them. Favre ^ records' a •remark 
made to him by vtm pea*sant with reference 
t?o a great block of Frotogine near Sapey. 

“ ‘ Jamais,’ disait^ils, ‘ on a vu lyie si .belle 
pierre : elle est tout entiere, rien de casse. 'Et 
puis, elle est si tranquille. On ne sait pas ^ si 
les pierres grandisserit; mais, ii y a 15 an§,*je. 
pouvitis monter^ dessus, k present je ne sais 
comment cela se fait^mais je n’y ])uis grimper.’” 

Playfair, ifl 1802, appears to have been the 
first to compare thes*e erratics with moraines, 
and to sftggegt that thev were trjfiisnorted by 
glaciers. 

“ For the moving of the large masses of 
rock,” he says,- “the most powerful agepts 
without doubt which nature* employs are 
the glaciers, those lakes or ’rivers of ice 
whicF £fre formed in the highest valleys ^of 
the Alps,* and other mountains of the first, 
order. These great, maSscs are in peiipetual^ 
motfon, together with the innumerable frag- 
•ments of rock with which they are lojfded. 
These fragments tKey gradually transport to 

1 Jiecfi. (Uol., w)l. u 

Illvslrattons of Hie Huttonian Tlf^ory, vol. i. 
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•fheir fttmdbt, boundaries, where a formidable 
wall asce^jtMns the maUgnitude, qpid attests the 
'force, of^ ^e great* engine’by which it was 
erected.” The immertse quantity aifd^size^ of 
the rocks thus transported have been remarked 
with astonishment by^very observer. Fer- 
raudin,* a ‘Chamois hunter of . the Val de 
Bagne^ subsequently but independently made 
the same •suggestion to Charpentier. It alsb 
occurred to,«and was proposed in more detail 
by^ Venetz, and at length in 1329 worked ^ 
out by Charpentier with masterly ability, 
^g^ssiz compared the Swiss phenomeila with 
those presented in the •■north of Europe, and 
showed that in both cases tlie country was 
covered by a sea of icii, froin which the 
highest summits alone emerged. 

Charpentier,^ and subsequentlyGuyot,*^ 
traced %h^ course of the erratic blocks, and 
pointed out that as we proceed from the 
pl^e of origin they spread as it were in a 
fan, and that those from one district do 
not overlap fh«se from another, as would 
be the case if they had been distributed by 
, rivers or icebergs: for instance,* those of 
the West Jura comfc from Mont Blanc and 
from the Valais, those of the Bernese Jura 
fronf .the Bernese Oberland, and those ot 
4rgovie fro^ the eastern cantons and the 

‘ Essai sur OlaciArs, 

® Bull.cSoc. Sd. Nat. NeuchMel^ vol. i. 
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Rhin^.' Not only are the blocks^frorii eacfi* 
drainage acea kept separate, but ev^^as a rule,, 
those from the two sides*of the saipe valley. 

I say as a rule, because in some few cases the 
glai?iers appear to have varied in relative^ 
dimensions, one eflcroasjhing for a time ftn an¬ 
other, and in its tijrn being driven bacl^. This 
Ijowcver only applied tq, some few exceptional 
areas, as for instance between the glaciers of 
the Linth and the Reuss. 

Again, the erratic blocks are specially 
numerous on the summits and slopes of hiljs, 
much more than in valleys : they are not sorted* 
in sizes, but evewi the largest are found perhaps 
50, or even 100, m^s from their original site. 
The smaller blocks, are often polished and 
striated, Jike those on existing glaciers. 

For these* and other reasons Ihere^ can be 
no doubt that they hEPsre been ow,rried by 
glaciers to their present position. 

These great blocks, however, imposing* as 
they are, are ^et as nothing fo the mass of 
gravel, sand, and mud brought down by the 
glaciers,* carried over intervening ridges • apd 
across lakes, and spread o^er the whole of* 
Switzerland. , 

I The errsitic blocks are unfortunately rapidly 
'disappearing, as they are much in demand 
for byilding and other purj^osea Some of 
the most remarkable^ have, however, happily 

— ^dude/^sur les Ohxciers. 
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*^een securer, and will be preserved by the 
.Swiss Sckiitific Societies. 

Consid^ing the nnmense magnitude of the 
moraines and the enormous number of* crraiic 
i)locks,*^it is evident that the glacial period 
must Rave .been of very^lon^ duration. 

C 

PdLI^ED AND SfRIATED SURFACES— 
oRoCHES MoUTONNiJES 

i' '■ 

third class of evidence is that furniahed - 
by polished and scratched rock surfaces, which 
•of course are best preserved when the material 
is hardest. The rocks al?e sometimes polished 
like a looking-glass. Spch surfaces occur 
under and round existing.glaciers, where there 
can bf. no doubt that they are the work of the 
ice, or rather of the stones contained in it. 
Fig. 3l‘is<a photograi^h of the Hospice of the 
Grimsel, showing a remarkable case of such 
glaciated rocks. Similar surfaces occur, how¬ 
ever, far away* from the preseilt glaciers and 
even in countries where none exist. The gmy 
rounded bosses (Fig. 31) were ternjed by De 
rSaussure “Rochas Moutonnees,” from their 
cfrizzled surface. The term has jieen generally 
adopted, mainly perhaps because at<,a distance 
they‘look not unlike sheep’s backs. Smooth 
rock .surfaces* may often be seen at the sjdes of 
valleys, sometimes ^t a^great height—many 

hundred or evea^some tlioHsands of feet above 

• 
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the present rivpr,, and far aw^^/ ^rom tlife* 
present glaciers, as, for Instance, oA ^ihe slopes 
of the Jura. They are sp^ially we]J developed* 
wtier^ •fr’bm a turn in the valley, or*any other 
cause, the ice met with most resistandb. Thg 
ro^s at Martigny are»a very fine example. 

They do not, ^ however, generally* rise to 
the uppermost ridgss, wliich havje therefore 
(Fig. 37) quite a different character* 

, De Saussure •first noticed thii prevg,lence 
in the Alps of smooth, and even polished A)ck 
surfaces, but he did not suggest any explana¬ 
tion. Charpentier pointed out that they jvAre 



due to the action of glaciers. Runjiiflg water 
also smooths rocks, but it is almost always 
easy to distinguish the action of water :^om 
that of ice. -In the first place, the “ Roches 
Moutonndes” are generally •m*arked by striae, 
running in the direction of the valley, and due 
to small stones contained in»the ice, and frozeq 
earth. Again, watqr adts most energetically^ 
, in ^e hollows, ice especially on any projecting 
surface, so*that in water-worn surfaces the c\irve8 
are concave, while on “ roches jnoutonndes ” 
they are convex. The actioA of water, is also 
much more irregular than th^t^due to iee. 



120 ^ SCENERY OP S\\Ej[TZERLAND chap. 

’• De ^au^svire was also Joi^g ago struck by 
the fact Jtttat at Chafnouni, in»the, valley of 
the Aar, elsewhere, the higher rocks were 
angular and pointed,’while the sides *Qf the 
valley below were rounded and smooth, but 
he did not suggest any explanation. Hugi 
observed the same fact, and attributed it to a 
difference in the character of the rocks.” 
Desor,^ however, in 18*41 ascended the Juchli- 

» * *■ * 

* Dranb.Tgkoja • r .MiBwab '■ 



Fifi. 37.4. View of the Brunbcr^iOmer and the Jnchlistock, near the 
Gri*isel, showing the hpper limit of glacial action. 


berg, where the contrast is well marked, and 
satisfied himStelf that the 'Oranite was 
absolutely the same. He observed, moreover, 
th^t on the smooth Granite, especially on the 
ppper part, were many blocks o^ Gneiss, 
j^rougbt from the Mieselen and the Ewig- 
schneehorn. These blocks could 9 nly have , 
been'brought by glaciers, and he concluded, ' 
therefore, th/it the smootli polishedi surfaces 
were due to the action of the glacier, a.n<i that 

, * I 

« d Desor, OehirgHbaii. 
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the rough, angjilar upper partg /were those* 
whicTi ha^ stQod above the level o^ yie ice. 

Such polished surfaces^re by no^ means con-* 
fitied, to* the Alpine veflleys. Where suitable 
rocks occur, they are found throughout the 
central plain and- on the Jura, when they are 
often very well developed, and known locally 
as Laves. The upper level of the rounded 
rocks falls with the valfey. * • 

, On the shores of Norway and*^wedeij such 
glaciated surfaces can even be traced underHhe 
sea, especially when the water is free from 
sand. The scratches follow the general diiFeOr 
tion t)f the valley, the polished surfaces are on 
the \Ceather side, apd the lee side if? the most 
abrupt, as iti Fi^.^36. A good example of 
“^such smoothed rocks may be seen just in front 
of the ^reat.Hotel at the Maloja.* 

Giants’ Caldrons 

Giants’ caldrons are sometimes assumed to 
be evidence of ancient glacier action. Those 
at Ijugerne and at the Mc^oja probably are 
so, but tn other cases similar hollows* have 
been produced by river ^ction. 

Evidence derived from the Flora -and 

• Fauna 

• • ^ 

Another class of evidendb is that.derived 

from botany and zoology.’ M^ny of the plants 
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•MOW occupyljii^g the Swiss mo\jintains are indi¬ 
genous to^tke Arctic regions. T^iey,could not 
\inder existing circumstance's cross the inter¬ 
vening pfains, but must have occupied ^theftn 
when the climate was colder than it is now, 
and befsn driven up ink) tho mountains, like 
the Marmot and the Chamois, as the tempera¬ 
ture rose. The Arctic Wiilows, the Larch, and 
Arolla pin^,*^ for instance, are Siberian species* 
and c^o not ^ccur in Germany? , 

Here and there also in the drift and the 
peat-mosses of the lowlands remains have been 
Ijpiind of Alpine and Arctic species — the 
Arolla pine, dwarf birch •(Betu^p. nana), Arctic 
willows (SrUx polaris, Sali^ retusa, and ‘Salix 
reticulata), Dryas, Polygbnum* viviparum, 
etc. 

Moreover, •* we find living colopies *of high 
Alpine spegies, the se«ds of which can scarcely 
have been carried by wind, on elevated 
summits in the lower districts, and in the 
marshes behind ancient moraines.* They cannot 

[ have been brouglitnby water, because they occur 
in soEje districts not watered by Alpine streams. 
On*the Uetliberg Prof. Heer found two plants 
which ^specially chafactefise moraines—the 
Alpine toad flax, and a willow-herb (Epilobium 
Fleischeri). An Alpine fern f Asplenium septen- 
trionale) whic^i is said to be found now,here else 
in thd Qanton of‘Ziirich, occurs on the P16ugh-, 
stonepfJErlenbacJi'. There'aiee two Swiss species 

» O / 
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of R]iododendron—one with the.u/ider surfaie 
of the lea,ves custy (R. ferrugineurti)^ the other 
with fringed leaves (R. hh-sutum). , J’his latter 
s^eci^s prefers a limestone soil and lower , 
regions, so that we should expect td find it 
prevalent on the Jura. Yet the rust 3 i»-leave^ 
spegies alone occurs there, having probably 
^been brought by the* ancient glacier from the 
Crystalline mountains of the Simplon *and St. 
Bernard, where ft is very abundatyt. * , 

.The animal kingdom also affords us siifiilar , 
evidejice. We find living colonies of Alpine 
and Arctic animals, especially Insects. anti 
Molluscs, on Ijie summits of isolated moun- 
tains*and in the marshes behind moraines, in as¬ 
sociation with Alpine plants and erratic blocks. 
Moreover, just as land animals have retired up 
the mountains, so have aquatic? species been 
driven into deeper and coiderwaters^Nephrops 
norvegicus, for instance, into the depths of the 
sea at Quarnero, several Arctic animals^^into 
the deep wasters of the Swi^ lakes Wenern 
and .Wettern. In the glacial deposits remains \ 
of various Arctic species have been met with. 
In the gravel-beds near Maidenhead, Charlqs 
Kingsley and I fqund* a skull of the Musk 
Sh*eep, and remains of the same species, thou^ 
rare, have since been met with in other p'arts of 
Eurc^e.. With the Musk Sheep, the Urus, the 
• Aurochs, the Wild Horse,^th5 Mammotih,*Hairy 

‘ Heer, Primcevai florid of Simt^land, vol. 4i. ^ 
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ittiinoceros.VKeindeer, Elk, the Giant St^g or 
Irish Elk, Glutton, Ibex, Chamoisi Caye Hyaena; 
tlave Polar F<Sx, Lemming, Ptarmigan, 

Marmot, Snowy Owl,® etc., have been. al§o 
fpund ifl glacial deposits, though fossil Re¬ 
mains are rare in the Swiss deposits of this 
age. - , . 

It would be out of ^ace in the present 
volume to center into tte consideration of the 
causes which'* probably led t'o the existence 
of 1:he glacial period, or to its probable » 
date. I have in another work {Prehistoric 
Tifa^s) discussed this question, and see no 
sufficient reason to change.- the opinion 
(though dtoubts have recently been thrown 
on it by Sir H. Howorth and others), that 
it was mainly due to astronomical causes, 
and reached its maximum from 50 to 100,000 
years agd. , ® 

If this explanation be correct it follows 
that, periods of cold and warmth must have 
followed one another more than once, at 
c intervals of 21,000 years. And in accord¬ 
ance with this we find, as Morlot Jong ago 
pointed out, that the glaciers have advanced 
and retreated more thaffi once. 

Beds indicating warmer conditions are 
interp&sed between glacial deposits, and the 
Swiss and South German geologists-- believe 
that fh^re were 'three periods of cold with 
milder intervals. In Scotland James Geikie 
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wf ^ 

and others have brought forward^e’^idence #f 
morS numerejus" oscillations.^ « 

Morlol was priinarily ied to this conclusioif 
by his* observations in ^e valley of fhe Dranse, 
south of Thonon on the Lake of Geneva, which 
I had the pleasure of .visiting under his guid¬ 
ance. In this gorge between two well-marked 
glacial deposits i^ a deport indicating a milder 
•climate. * •. * 

Again, at several places iiu^the Canton 
^ *of Zurich are beds of lignite, suj0&cie*itly 
thick to have been worked for fuel. They 
are Intercalated between glacial deposits^; 
they* indicate a luxuriant vegetation * and 
consequently a mild climate; they contain, 
moreover, remainis of animals, such as the 
Hippopotamus, whifch could not support great 
cold. Chis can only be accounted for, f think, 
by assuming that thege groups jof» animals 
occupied the country alternately. 

Moraines which have been long exposed 
to the atmosphere become gradually Iliodi- 
fied at the surface. The .pebbles are much; 
weathered and sometimes quite disintegrated, 
even thdse of Granite crujnbiing into a'Sort 
of clay while retaming their original form. 
The layer affected* may have a thickness bf 
one to two feet or even more. This weafthered 
crust often assunles a reddish color, whence 
it is^alfed by Italian geologists^*Ferretto.” 

* g'AB Great Ice 
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• • Wher5 old moraine has after a long 
interval been covered by a l^ter ^one,** the 
^'erretto enables use to dis'tinguish between 
the two. ^ It is in fact a strong confirma¬ 
tion of ^he existence of inter-glacial periods, 
during r which the glaciers retreated, and' a 
more genial climate prevailed. At Ivrea, for 
instance, the preseiicfe ofcFerretto shows that 
the gigantic moraine known as the Serra 
was not forpeed during one long continuous 
gladiatiou. The moraines which are coated 
with Ferretto occupy as a rule the outer 
si4« of the morainic amphitheatre, and are 
covered on their inner ^edges^ by the 'later 
and inneit moraines. Lignite beds ' also 
occur on the south of th6 Alps.* One of 
the places where an intet-glacial period is 
most ‘clearly shown is in the^ vailey of 
the Inn.c At Hottingen, close to Innsbruck, 
is a great fluvio-glacial deposit, reposing on 
a ground moraine at a height of 1300 
metres above 4}he bottom of«, the valley, 
and capped to k Aieight of 1900 metres by 
another. In these fluvio-glacial beds forty-one 
species of plants hg-ve been found and studied 
by M. AJTettstein. Of <these twenty-nine now 
live in the immediate neighbouiliood, six in 
the Tyrol, but at a lower level, six further 

south, and four have not been determined. 

• ' 

* Rutimeyer, Uber Pliocene und Mi^eriode auf heiden SeUen der 
Alpen. t - 
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Here then we Ijave evidence the valley* 

of the I^^n was (firstlj^) filled by a glacier 
to the height of 1300» metres,^ ^secondly)* 
that ^thSn followed a period with a climate 
somewhat milder than the present, stlcceeded 
(thirdly) by another# glacial period, •during 
which the valley was again filled* by ice 
to a depth of 1900 metres.^ 

* The first Swiss Ice 'Age is represented by 
ground moraine,*and by “ Deckei*iphottef ” ; a 
diluvial gravel, curiously characterised by 'the 
presence of rounded hollows. These were 
formerly occupied by pebbles, which have bee© 
dissolved and \jashed* away through the hard 
but permeable mati;ix. • 

This was the period of greatest glaciation, 
and with the exception of one or two heights, 
as for iifstanpe the Napf, there is,*on theVhole 
of the Central Plain between the JiiraPand the 
Rhine, no considerable area where traces of 
former glacial action are not to be met with. 
They attain in places a great thickness, some¬ 
times even more than 400 metres. 

It s(?ems at first therefore remarkable^ that 
no terminal moraines are known which caij 
be referred to thi^ pftriod. But it must 
be remembered that the whole country was 
covered by ice, with the exception of thd very 
highest parts. Hence no doubt, ^s is the case 
in Greenland now, the surface of the ,ice was 

^ Penck, Verglettcturung der UevffScIwn Alpen* 



12S SCENERY OP SW.lTZi!RLAND chap. 

r 

.^ery free ^'19111 debris, and ^ hence, perhaps, 
the peripjiaral glaciaf deposits ^ are, only re- 
'presented by ground? moraine. 

The second Ice Agfe is represented by the 
moraines high up on the hills overlooking the 
valleya; and the third by moraines which 
form more or less complete ridges curving 
across the valleys, and along the slopes. It is 
possible that the glaciers may in some cases 
have,been pushed forwards• again over the 
innfer moraines. At Hallwyl, for instance, the 
moraine immediately encircling the lake is 
yery ’flat, which Dr. Miihlberg thinks may be 
thus accounted for. 


Limits of the Ancient Glaciers 

The evidence seems then conclusive that 
the glaciers were ofice far larger than at 
present, and the facts already summarised give 
sonje indication of the extent. Beginning 
with the Rhone* Glacier, the former upper limit 
of the ice at Oberwald was 2766 metres, 
or 400 above the river at Viescli’it was 
g700, or 1700 above the river; at Leuk 2100 , 
qr 1470 above the riVer^i at Martigny 2080, 
or 1620 ; at Geneva 1300, or 950 metres above 
the Lake.^ On the slopes of the Jura it rises 
highest at Chassepn, north-west of Neuch4tel, 

^ Falsarf and Cbantre,,^no Gkudep du V. du Rhone, vol. ii. 

* Favre. Deacrivtion Qeol. du Oantm de Oentve. vol. i. 
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opposite the valley of the Rhone, Vhere 
attains an eley^alion of •over 13 metres, or 
977 above the lake, descending gradually to* 
tlie plaiif on one side at* Soleure, on “Ihe other 
at Gex. At Neuch^tel, the erratic bloeks form 
a blind about 800 feet fibove the lake. »Abov# 
and below that line they rapidly diminish in 
number. * , * 

• The Rhone glacier thbn, at the jfi^iod. of its 
greatest extension,^ not only ocjsupied^ the 
whole Valais and the Lake of Geneva* but 
rising on the Jura to a height of 1350 
metres* crossed the Vuache, descended- iijtq 
the present Rhone valley, sweeping roun(? by 
Bourg* Trevoux, Lyons, and Vienne on one 
side, sent a wing beyond Pontarlier as far as 
Salins and Ornans,’and extended down the 
valley of the Aar as far as Wflldshut, jflmost 
meeting the western extremity of tho glacier 
of the Rhine. 

The ancient glacier of the Rhine occupied 
the Lake of ^Valen, the whole valley of'the 
Thur as far as SchafFliauseai, * the Klettgau, 
and almost to Waldshut, filled up the Lake 
of Constalice, extending copsiderably to fhe^ 
north down the Danube as far as Sigmajingen,* 
whife for sobie dikance its northern cnef 
'followed the present watershed between the 
regions of the Rhinfe and the Danube. 

Thhs the two great glacigffs of the^Rhone 

^ Sc6 FsivrGj GotVtc JLitcicHu dc Icc Sv/is9€» 
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Mid the'Rliipe almost enclosed those of the 
Aar, the Renss, and tho Limmat^ That of the 
"Aar extended as far as Berne, where there is a 
very fine hioraine. 

The glacier of the Reuss extended to Aarau, 
and down the Valley o^ the Aar to Coblenz. 
On the ^east it filled the Lakes of Egeri and 
Zug, extended along ^le Albis to the Uetliberg, 
and to Scklieren on the Limmat, following the 
valley dowp.4;o Coblenz. 

‘The glacier of the Limmat was bounded on 
the west by that of the Reuss; on the east 
from Wesen on the Lake of Walen, to the 
Rhine at Eglisau, following the valley to 
Coblenz, ‘where therefore these four great 
glaciers met. 

The glaciers of the Mont Blanc range not 
only 'filled Idie Valley of ChamQuni and the 
country‘>t 9 the west® as far as, and beyond, 
the Lake of Bourget, but flowed over to the 
east and joined that of the Rhone. 

Tn fact a sea of ice covered the whole 
country, with the* exception of some mountain 
to^s,„from Lyons to Basle, along the Rhine and 
the Lake of Constance across Bavaria, extend¬ 
ing to tMunich, and beyon^ Salzburg. 

The extension of the glaciers does not 
however necessarily imply any very extreme 
climate. * ,, 

Piirg-doxical it may appear, glaciers 
rcquiro heat as^ %ell as "cold : heat to create 
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the vapour, whi^n again conden^e^ as snov^» 
A successipn <if damp siftnmers wo«l^ do more 
to enlarge the glaciers* than a ^series of* 
co4d ^ea^ons. Leblanc*^ estimateJ **that the 
glacial period need not have had an ^verage^ 
temperature of more than 7 degrees centigrade 
below the present^ and other great authorities 
consider that at an)ii rat*e a fall of even 5° 
vvould suffice. * * • * 

^ The temperature decreases !•“» for ^bout 
, every 188 metres. A fall of 5° would = ^40 
metres. The present snow-liiiQ being 2700 
metres* would descend to 1760 metres* ^id 
the Ibwer lim^t of the glaciers from 1200 
metres to 360 or .somewhat beloW Geneva, 
the level of tvhich* is 375. It would indeed 
be even lower, because the greater the snow- 
field, th5 further the glacier desc(?nds. 

We have no evidenca of the e:^istence of 
Man in pre-glacial times, and whether he in¬ 
habited. Switzerland during the inter-glagial 
period is still* uncertain. Kiitimeyer has'de¬ 
scribed certain pieces of w«od belonging to 
that ‘pcJtiod, which have been cut by ^ome 
sharp instrument, and which are so arrangec^ 
as to form a sort, of •basket-work. • The^ 
,cert*ainly appear to be due to human work- 
•manship, but the evidence is not altogether 
conclusive. * • 

. It *has happened no doubt to many of us 

1 £iUl. Sac. tfeol. Fratwe,^843. ^ 
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•tio stand on some mountain-top when the 
surroundinj summits ‘have beei?. covered with 
*snow, an4 the intervening valleys have been 
filled witff a thick white mist, which, especially 
in the «early morning light, can hardly be 
distingsuished from snow. In such a case, we 
have before us a scene closely resembling that 
which the country lAust have presented while 
it was ^ enveloped bythe ice of the glacial 
period. 

‘The geologists of Bavaria have brought 
forward strong evidence for the belief that in 
Payaria and Swabia there were three periods 
of great extension of the glaciers with intervals 
of a mildes- climate ; and Dr. Du Pasquier, who 
has especially studied the fluvio-glacial deposits 
of Switzerland, considers' that they confirm 
this view. • 

The fir^t cold period is, he considers, repre¬ 
sented by the so-called “ Deckenschotter,” of 
which perhaps the best known example is 
tha‘t on the summit of the Uctliberg near 
Zurich, at a height of 400 metres above the 
lake.^ It is a coarse gravel, more -or less 
cemented together, and in which many of the 
pebbles, have perishedtand disappeared, leaving 
rounded cavities.^ This deposit originally 
formed a more or less continuous sheet, from 
30 to 50 metres in thickness, deposited by the 
watef flowing from the melting glaciers, but 

} This structure does not occtfi* i» the true Nagelflue. 
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has been to a giv<!at extent remo\»ec/, fragmentJfe* 
only remaining here and there <tn*the high^ 
ground.. It is remarkalSle that contains 
no traces of Julier or Puntaiglas Granite,^ 
probably because these rocks were still* covered 
by the Crystalline * schists. The ’lateral 
Mouaines of this period jye unknown •but the 
ground Moraines are Soipetimes web developed. 
Under the Deckenschotter on the* Uetliberg 
they attain a tTiickness of 2 t<5*20 metres. 
Th^y were probably for the most part *de- 
stroyad by the greater subsequent extension 
of the glaciers during the Second Ice Age.. ’ 
Tfie Second Ice *Age is represented by 
gravel-beds, still f^? above the present valleys, 
though at a lower leyel, and by outer and upper 
morainej^, as for instance in the, Zurich cbstrict 
those of Hongg, of the Albis, etc. *The terminal 
moraines of this period v^re howevw probably 
beyond the boundaries of Switzerland. 

The Third Ice Age is indicated by,J}he 
lower terraced and the moraine^ in the valleys. 
In that of Zurich, the Moratne of Killwangen 
was probably the outermost, while thos^ of 
Zurich and Rapperschwyl ’ represented long 
periods of arrest and standstill of the glaciei^ 
during their general retreat. ^ 

In theory this, explanation is clear and 
simplp, but it is not always easy to identify 
the beds. The “ Deckenschotter,” or upper and 

* Djj Pasquier, Bei^r. z, (j^eoL K, L. xxxi.® 
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•6lder bed, pan indeed be ge'jierally recognised 
by the numerous cavities, the “ rotten ” con¬ 
dition of .many of ‘the pebbles, by its being 
mueh more frequently cemented together', ahd 
in some' districts by the nature of the pebbles ; 
in the Zurich Valley, for instance, by the absence 
or great scarcity of Sernifite and of the A|pine 
siliceous ropks, and by the frequency of Hoch- 
gebirgskaik, which does not occur in the 
Miocene Nagelflue ^; but there are many glacial 
deposits the exact age of which is very un¬ 
certain. 

* ' The following table gives the periods, the 
deposits, and the great characteristic Mam¬ 
malia, according to Dr. Du Pasquier :— 

* Appeli, Beitr. z. Oeol. K. d. Sehw., L. xxxiv. 

^ BeUr. z. Oeul, K. d. Sehw., I., xxxi. 


[Table 
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• . f 

■ • The Glacigl periods were in general, in Dr. 
Du Pasquiar’s opinioft, so far os the central 
'Swiss v^leys were concerned, periods of 
deposit, ttie inter-glafiial, periods of excava¬ 
tion. 



CHAPTER VI 
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VALLEYS 

A 

Valleys and rivers are so closeiy assocmea 
wilh one another, that we generally think of 
them as inseparably connected; and kijised 
thercf are but, few valleys which have not 
been’deepened an^l profoundly umdified by 
the action oPwatef. 

Nevertheless many valleys are “ tectonic,” 
that is *10 §ay, they are due,* or stand in a 
definite relation, to geological stri^ptftre; and 
there are some details of valley modelling, which 
are independent of water action, and which it 
may be convenient to consider* separately.* 

As already mentioned the* plain of Lorn-! 
bardy i?j a valley of subsidence, the lowerjimb, 
as it were, of the great arch of the Alps. Ij 
has not been excavated by the Po;«on t^ 

. contrary, tha*t river has been for ages occupi^ 

. in filling it up, and at Milan a boring was 
sunk 163 metres without reachirig the bottom 
pf th? river deposits.^ 

* Penck, Morphofogtc dcr Efd ohe^neh^^ vol. it 

A ® 
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'' The valley- of the Rhine IMow Basle is also 
a line of subsidence, and the two Crystalline 
regions of the Black Forest and the Vosges 
were once continuous. ' 

^ Valleys belong to several different classes, 
and in Switzerland have received special 
names, such as Vais, Combes, Cluses (Clausa, 
closed), Ruz, Cirques, etc., which, however, do 
not cover, all the different kinds, and are not 
always usetv ln the same sensed 

Tn many cases valleys follow the “ strike ” 
or direction of the strata, in which case they 
ara/termed, as first suggested by De Saussure, 
longitudinal valleys; wdrile in others they cut 
across the'strata and are known as transverse 
or cross valleys, or cluses. 

Longitudinal valleys again, as Escher von 
der Linth fifst pointed out, arc of three dis¬ 
tinct kifid^. 

Synclinal valleys (see ante, p. 44) occupy 
the^ depressions of folded strata. Many of 
the *Jura valleys belong to this class. They 
are generally broad. 

Anticlinal valleys are those which arise 
jvhen the arch between two synclinals is 
broken? and the action of water being thus 
facilitated, a valley is formed, as for instance 
that bf Tinibre (see p. 312), which opens on 
the Lake of Oeneva at Villeneuvc. 

In Jboth these classes the strata are the 
samq on the twp sides of ‘the valley. A third 
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claag of longitii^fliinal valleys ie ^ due to tile 
outcrop of layers, of different hafdpess. 



c 


A ° - - A" 

Fici. 8R. V 

*1 ' * 

Ip such cases the strata on the two 4ftctes 
are tlissimilar*; such, valleys are ^ known in 
Switzerland pis “ Qtembes.” ’ 

Suppose a fractured 
anticliiial (AA'A", Fig. 

38) has been lowered by 
denudation to A C'A "* 
and is drained by a 
stream running from C' 
to JS. If the strata are 
of di:^rent degrees of 
hardness^ a soft stratum 
BB'B" between two 
luwder onea A and (? 
will here and there be 
brought to the surface. 

In stlch a case, owing to the greater spftnes 

* In tlu.s country the word “Connh<W’ i.s often use(f as synony¬ 
mous with ‘ ‘ cirque. ” • - • - 
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the stratum B, secondary streams will often 

cut their , w*Ay back as in Fig. '39, FF^ thus 
forming longitudinal valleys parallel to the 
ridge, the sides being formed by the harder 
strata AC. Such valleys (Fig. 40) are comuion 
in the Jura. 

Sometimes there may be two or even three 
such “ Combes ” along a main valley, as for in¬ 
stance (Fit-. 41) between Mont Tendre and the 

valley of the Orbe, 
where wc have four 
ridges of harder 
strata, Urgonian, 
^Neocomian, Valan- 
ginn, 

Ignd 

three combes due to 
the existence of softer 
layers. 

It is obvious that in this case the transverse 
vallpjr DE (Fig. 39) is older than the longi- 
^ tudinal valley FF. 

t A glance at' any geological map of 
Swh:zcrland will show that many rivers run 
along the boundary, that is at the outcrop, of 
sf.rata. ' * • , 

The long lines of escarpment which stretch 
for miles across country, ai|d were long sup¬ 
posed to be^ ancient coast lines, are now 
ascertained, mainiy, by the researches of 
Whitaker, to he due 'to the differential 


and finally Port- 
rock enclosinsr 
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action of subaeri^ causes. The Ciialli escarj^-, 
inenfs in ouir own country an(^ the great 
wail of the Berfiese Oberland ar^ of this? 
charactd*. That the longitudinal VSlleys ,owe 
their origin to the same cause as the mountain 
chilins, may safely be .inferred from t^e fact 
that they follow the same direction^ They 
«rcln fact negatiVe qiouittain chains. 



Transverse* Valleys 

Transverse valleys cross the strata more 
or less at right angles. They are generally 
narrow, and often form deep gorges, more' 
or le*ss* encumbered by fallen rock, anil ^the 
harder tfie rock the narrower the valley. ^ 
Their character,is greatly influenced 
the* nature of the strata, their inclination, 
and whether the fall coincides with,’or is 
in opposition to, that of the b^ds. 

. Unless, however, the^ hill of the ^gtound 
coincides exactly with ’tliftt of the. strata, 
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river rtinning along a tra]^',j7ersc valley will 
generally crt^ss here and there Jiarder layers 
which give rise to cataracts or waterfalls. 

\yhen the strata arc horizontal the actioii 
of runiriug water is comparatively slow. 
Steeply-, inclined or vertical strata on the 
other h?uid greatly facilitate erosion. Not 
only does the force of^ gravity take part 
in the labour, but the water sinks in more 
easily, and\ both chemical and mechanical 
disintegration is thus much increased. 

Hence it is that while cross valleys often 
drait.'-|longitudinal valleys, the nwersc seldom 
happeiis. Cross valleys in fact dominate 
longitudinal valleys. 

Another respect in which, * so far as 
Switzerland is concerned, the longitudinal 
differ from the 'transverse valleys^ is that the 
former un approximately east to west, the 
latter north to south. This makes a great 
difference in their general aspect. In the 
tran'^verse valleys not only do tlie two sides 
•consist of similar rocks, but both receive 
approximately the same amount of light and 
sunshine, so that the vegetation grows under 
more oif less similar conditions. 

In the longitudinal valleys, bn the con¬ 
trary, not only are the strata often different 
on the two si^cs, but the northern sidp, which 
looks to the south, receives more sun, while 
the souihern side* irf moie in shadow. The 



VI 


VALLP^YS 


143. 


contrast is str^gly shown ii^ the Valaas* 
itscljf, where ^e south Side is grc^n and well 
wooded, the north’, on tlS3 contrary^compara-* 
tiVely dfy and bare. • . 

In some places, for instance in thfe valley 
of fhe Rhone below A^isp, the green lines of* 
vegetation.which^ follow the “ Bisses or arti¬ 
ficial water-courses are very conspicuous. 

On the Lake of * Zurich, though the 
yegetation is the same on br#th "^si^es— 
woods and meadows and vineyards —^he 
distribution is quite different. Both ^^des 
of the Lake are terraced, so that 
Hat :?ones and, steep* slopes. On the north¬ 
east Side the slopes get more sun,*and hence 
the vines al-c pl&nted on them, while the 
meadows and woods are on the terraces. 
On thc*wesf, however, the ternfces ge^ more 
sun, and conseijueiitly the vines ^rfi on the 
terraces and the meadows and woods on 
the slopes. ^ 

There is another class of valleys, namely, 
those which are due to diiies of fracture 
or Jisfocation, and which may bo termed 
fault-valfeys. They arc, however, compan\- 
tively rare. 

*Onc and Ihe same river may be ot a very 
difl’erent character in difierent parts *of its 
course. , It may* run at one, place in a 
.longiludinal, at another .in a tr^^rfsverse 
valley. The Rhone for ^^stance occupies 
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transvfersc ^valley from tlao glacier nearly 
to OberwaM, a longitudinal valley from 
Oberwald to Martigiiy, and a cross valley 
from Marfcigny to the lake. ' 

If we‘ look at an ordinary map of Switzer¬ 
land, we can at first ^siglit trace but ItStle 
connection between the river courses and 
the mountain chains? If, however, the map 
is colohro^Ll* geologicitlly, we see at once 
that tiro ^k'ata run approximately from 
S.W. to N.E. and that the rivers fall into 


two roups running either in the same line 
oi; 2&^e at right angles to it. 

TnV central mountains arc mainly com¬ 
posed of •Gneiss, Granite, and Crystalline 
Schists; the line of junction between these 
rocks and the Secondary and Tertiary strata 
on tin? north, runs, speaking roughly, from 


Hyeres #o ^ Grenoble,and then by Albert¬ 
ville, Sion, Chur, Innsbruck, Eadstadt, and 


Hieflau, towards Vienna. This line is 


follo\Vcd (in s»me parts of their course) 
•by the Ishre, *tli^ Ehone, the Reuss, the 
Rhine^ the Inn, and the Enns. (3ne of 
the * great folds shortly described in the 
precedii^ chapter rui»s up the Isere, along 
the Chamouni Valley, up the Rhone, througli 
the Utseren Thai, down the Rhino Valley 
to Chur, alon^ the Inn iidirly to Kufstein, 
and for some distance along the Enns. 
Thus, ^t^en, five‘gi^at rivers have taken 


4 
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‘therefore i^ot clue to the . rivers ruoniiig 
^through it. •> * . * 

The P.usterthal in the Tyrol offers us 
an •interesting case oT what is obviously a 
single valley, slightly raised, however^ in 
the centre, near Tobhleh, so that from this 
point the water Hows in opposite directions 
—the Drau eastwarc], and the Rieiiz west¬ 
ward. In this case the elevation is single 
and slight?*In the main valley of Switzerland 
r there are .several watersheds, and they are 
my/di loftier, still we may, I think, i*cgard 

the Arve (see Fig. 42) from Les Hou- 
ches to the Col de Balifle, of the Rhone from 
Martigny' to its source, of the Urseren Thai, of 
the Vorder Rhine from 4s source to Chur, of 
the ^n*^ from, Landeck to below Innsbruck, 
even perhaps of the Enns from - Radstadt to 
HieflauVa in one serfsc a single valley, due to 
one of these longitudinal folds, but interrupted 
byijios.ses of Gneiss and Granite—one culmin¬ 
ating in Monk’ Blanc, and another in the St. 
Gotlhard—which have separated the waters 
oftthe Is^re, the Rhone, the Vorder Rhine, the 
.Inn, and the Enns. That the Valley of 
Cham6uni, the Valaih, the Urseren Thai ^and 
the Vorder Rhine really form part of one 
great fold is further shown by the presence of 
a belt of Jura.ssic strata nipped in, as it were, 
betw’een the Crystalline rocks. 

Thfs great valley th<*n, though immensely 
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flcepened and Aj;ldoncd by erosion,' cannoli* 
owe its origiij or direction to rii^ej action, 
because it is occupied iit different ^aits by' 
different * rivers running in opposite direc¬ 
tions. We have in fact one great valfey, but^ 
severiil rivers. It is ^Therefore due one 
original cause ; it is, to use a technical term 
‘ geotcctonic,” and is .due to the great Jateral 
compression from S.E. *to N.W. which has 
;\^rown Switzerland into a successi#li^ great 
bids. 

A sjmilar case is that of the Val Fes;ret. 

The depth is no doubt mainly due to 

but it follows tly3 tract*of Jurassic strata which 

lie at tlie foot of the great mountain \tall of the 

Mont Blanc rftnge. " No one who looks at the 

# # • • • 
map can for an instant doubt that it is in 

reality a*singlc valley ; but it falls into*thrce 

parts—the easticrn portion is occupietl by a 

branch of the Dranse running to the N.E. ; 

the centre by the Doire running S.W., and 

the west by •another branch’of the Doire 

running N.E., the two, meeting* at the foot of 

the Gfaclcr dc la Brenva, fall into a transverse 

valley and* run S.E. towards Courmayeur and, 

Aosta. Again the grea?t valley which ha^ 

given rise to* the Lakes of Neuch4tel and 

•Bienne, and which follows the course of the 

Aar from .Solcure to Brugg, reappears in the 

course*of the Danube below Donaueschi^j^en. 

In some respects the cbui**s^s of the*r^ers 
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'indicate the original contiguration of. the 
^surface even better than the mountains. 

Many j-ivers after running for some distance 
along the strike (see p. 41) of the strata, 
change their direction, not turning in a grand 
curve, ’‘but suddenly breaking away at right 
angles, us for instance the Rhone at Mfirtigny, 
the Aar near Brugg, the dlliine near Chur, the 
Inn near Kufstein. 

But wliy should the rivers, after running 
for a certain distance in the direction of the 
m^i axis, so often break away inta cross 
The explanation usually given is 
that transverse streams* have .cut their way 
back, and thus tapped the valley. This is 
no doubt true in some qgses, but cannot be 
accepted, I think, as a general explanation. 

Prof. Bonney ^ called attentiomto this tend¬ 
ency in‘hie second le<?turc on the “ Growth and 
Sculpture of the Alps.” “ On considering,” he 
.say.^, “ the general disposition of the rocks con¬ 
stituting the 4^1pine chain, we perceive that, 
in addition to tlfe long curving folds wliicli 
determine the general direction of the com¬ 
ponent ranges, they give indications of a cross 
folding. The axis or these minqr undulations 
run from about N.N.E. to S.S.W.” 

He suggests three possible explanations: 
-7(1) “That the Alps are the conseauence 
of a series of independent movements, not 

’ pine JourTwf, THov. 1888. 
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simultaneous, so, that the chain j*esutts 
the accretion laterally of’an indepe^ident series 
of wave-like uplifts; (2)‘that tj^e^cliain was 
defined In its general ?)utline^y a series of 
thrusts proceeding outwar^ irom tht basin 
of tHe North Italian -i^lain, and afterwards 
folded tranfiversel^ by a new set of ♦thrusts 
acting at right angles to*a N.N.E. line; (3) 
that the transverse disturbances aresthe older, 
and that the fldor on which the ^BSCbudary 
.deposits were laid down had already been dis¬ 
posed in parallel folds, trending roughljf in 
the above direction.” 

III!!* adopts t]ie thiKl hypothesis. He con¬ 
siders that the transYcrsc wrinkles wefe perhaps 
Triassic, “ not* imprbbably post-Carboniferous,” 
and therefore far ol(ler than the main longi¬ 
tudinal fblds., “ Still,” he continues, “ tliougli 
1 incline to this view, • the quesly^oA is so 
complicated that I do not feel justified in 
expressing a strong oj)inion, and rather throw 
out the idea for consideration than press it*fbr 
acceptance. All that I will •say is that I find 
it impossible to explain the existing structure 
of the Alps by a single connected series of^ 
earth movements.” , 

, Cnder these circumstances I have ventured ^ 
to make the following suggestion. If the 
elevation,of the Swiss moimtaip^ be due to 
cpoling and contraction leading to subs^dfence, 

* Ucaullbs of Nature. . 
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•‘AS suggested in page 34, it la evident, though, 
so far as i am awafe, this ha« not hitherto 
been poUited out, that, as already suggested, 
the compression arid consequent folding 
^of the' strata (i'^»ig. 43) would not, be in 

the direction of A Jy-xynly, but also at right 
angles ►to it, in the direction A C, though 



the amount of folding might be much greater 
• in one direction than in the other. Thus in 
4;he ckse of Switzerlanth, as the main folds 
run ,S.\V. and N.E., the subsidiary ones 
would be N.W. and S.E. , 

If these considerations are correct it follows 
that, though the? rpain valleys of Switzerland 
have been immensely cTccpencd and widened 
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by rivers, their original course was determined 
by tectonic causes. * i 

Again, they indicate lyhy the lohg valleys 
afe not «[iore continuous. If lotok for in¬ 
stance at a map of the we «ee ’that 

tho«gii the ridges fc^^o'p/the same ^generiil 
curve from^ one end to the other, they are not 
continuous, but form a succession oi similar, 
but detached ridges. • Moreover • even when 
a valley is continuous for many^jatwies it is 
interrupted here and^there by the cross ft> 14 s. 

’These considerations then seem to account 
for the two main directions of the ^wiss 
valleys. ^ ^ 

1 must adtf, however, that in P^of. Heim's 
opinion the • cross.*folds occur in other parts 
of the Earth’s surface; and such bosses as 
the Fiurca and the Ober Alp mre merely the 
battle-grounds of diflfcrent river ^systems, 
the lower levels being due to Ihore rapid 
denudation. 


Cirques. 

In some cases valleys end in a steep a'hiphi- 
theatre known as a “ Cv’que.” • 

•Cirques are characteristic of caicareoms 
districts. They occur especially where a 
permeable bed r«sts on an impervious sub- 
stratfim.’ Under such circumstances a spring, 
in many cases intermittent, issues* at the 
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junGtioii. and gradually eats back into tlie 
upper stratwin, forming at fii^st a semicii\3ular 
, enclave, wlficli becoi^jes gradually elliptic, and 
as time pacst-r- on mo.ve and .more ciongatcjd, 
but' alwa} s wiil\^a steep terminal slope? In 
fthc Jura, cirques ur?. numerous, and in many 
eases a marly bed supplies the impermeable 
stratum? < ^ 

The' Creux du Vent, and the Cirque de 8t. 
Sulpice_3xq. two of the finest examples. 

r 

t 

Terraces 

As’ . regards the sides of valleys, other 
things being equal, the harder the rocks the 
steeper will the slope of tbe sides be. ^"ery 
hard rocks indeed are often almost, or for 
some distances quite, perpendicuhr-. The 
slope may be uniform in cases where the 
strata are similar and of great thickness, as 
for instance in the valley of the Eeuss above 
Amsteg where the Bristenstock forms a grand 
pyramid of Crystalline rock, or where the 
slope coincides with the dip of the- strata, 
as in the valley of Lauterbrunnen, where 
the right side of the valley presents immense 
sheets df Jurassic roqk. * 

In ^most cases, however, some of the strata 
along the side of thq valley are harder than 
others and tlie consequence is that Vc- have 
a succession of t'erraces * gentler slopes in- 
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dicating the softer, and steeper H)nejf the 

harder beds. , ' 

Fig. 44 shows some terraces ‘h the valley 

the •Bienne ^Jura) due tp tiie” presence of 

hard calcareous layers. . ^ ’ 

iriiese “ weather ” ^,^;«rj^ces must ^not Ln 

(confused with the “ river terraces ” which 
1 ' 1 . . ’ 



Flo. 44.—W«ather Terraces in the Valley oMhe Bienne (Jura). 


will be (described in the next chapter. *Biver 
terraces have no relation to the rock arid 
follow the slope of the river, while ^weathter 
terraces follow the lines of the strata. • 

This considera(tion throws light on the 
cases' in which a river valley * expands and 
‘contracts, perhaps severad times in succession. 
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We 6ften^ as wc ascend a river, after 
passing along a comparatively l][at plain, find 
^)urselves ‘In■‘a narrow defile’, down which the 
water rushes ^ an in^etuous torrent, but at 


C 



Fig. 45. —Section showing Weather Terraces on the right sWe of tlio Osorain 
(Cote iVOt% «t, Inferior Lias; cf Superior Lias ; ?>, </, Cnlcai’eous StniUi. 

• 

the summit of which, lo our surprise, we find 
anothpFuiijaid flat expanse. This Is especially 
th^ case with rivers running in a transverse 
valley, that is to say of a valley lyipg at 
ligtit angles to the “ strike ” or direction of 
the strata (such, for insrtance, ,as the ITcuss), 
the water'acts more effectively than in‘cross 
rocks which in many cases differ in hardness, 


A B c D E 

t 



40.—Diagram showing the cottrao of a river through hard and soft Htrutu. 
r * • 

and which therefore of course clit down the 
softer 'strata more rapidly than the harder 
ones; each ri^lge of harder'tock will therefore 
form •a dam and, give rise to a rapfd or. 
cataraci In caseS shell as these each section 
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of J^hc river has for a time a “ r,egiirfeii ”*of its 
.own. . • ♦ 

Supj)ose for ihstanc 0 » a riv^a*h (Fig. 46) 
*l-urv3ing across the Strike oC several layers, 
differing in hardness, Ji^Cy Ey lining soft 
wlJlle By D are tough^or hard. In such*a 
case the •valle};^ will widen out at C, E. 
Speaking generally we may say that the 
depth of the valley is’mainly dueio *the river 
erosion, the width to weathering?^ ¥]^us the 
Urseren Thai on the St. Gotthard, the Inroad 
stretches of valley at Liddes, and at Chable 
on ^e Dranse (Valais), are due to the'|q.ore 
readily disintegrated Carboniferous or Jurassic^ 
strata. On the other hand, the depth of the 
valley will tend to arrive at the regular 
“ regimen” (Fig. ^7), and must in any case 
follow* its ^normal course ; bu*t H;he width will 
depend on the destru 4 Jtibility oj^ the strata. 
Even however the hardest rocks will give 
way in time, so that the inclination of the 
sides will <lepend on the • hardness df the 
rocks and the age of 4he* valley. Othe^ 
things being equal, the older the valjey the 
gentler *will be the slopes of the sides. ^ 
Flat valley pl^xins«may be formed either 
b*y rivers or in a lake, and the surface view^ 
is the same in cither case. Thfe inner ^ 
structiire, however, as showui jn a section, is 
very different. A river plain shows irregular, 
lenticular masses* of graVel and sand. A 
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stream nlimiijg into a lake deposits fine 
mud in gently inclined layers, J)ut as soon 
as it comes the v/ater’s ‘edge the coarser 
gravel rolls" civ'wnwards forming a steepei 
slope. 

** The great Swiss'Vrdleys are of immense 
antiquity; the main ones indeed were coeval 
with the mountains,' and date back to the 
formatidh of the Aljjs themselves. Many 
indeed S^js; ^ ^ reven deeper in * glacial times, 

haveng been to a great extent filled up by 
' glacial deposits. Penck states that longi- 
tu4^Jbal are generally older than cross 
valleys. ’• It seems to mje, on the contfary, 
that they® would as a yule have bfegun 
simultaneously. No doubt,'' however, there 
were many exceptions. ‘’The Dranse was 
probably an 'Older river than the Upper 
Rhone. ^The Rhine below Basle runs in a 
comparatively recent depression. The greater 
number of the upper Swiss valleys must 
howler date back to Miocencr. and some 
feven to Eocene fim^s, when rapid rivers were 
brin^i^ down immense quantities of gravel 
frona the slopes of the slowly rising Alps. 



CfiAPTER VII 

Action op rivers 

Although the elevation of the Swiss Alps is 
the result of geological causes, the present 
configuration of the ^surface is mainly due to ^ 
erosion and 3enu,dation. It is mdeed im- ^ 
possible to underhand the physical geography 
of any country without some knowledge of 
the action qf water, and especially of riVers. 

The velocity of a stream deppds partly 
on the inclination of its bed, and partly on 
the volume of water; if then we study an 
ancient river which has passed the stHirmy 



Fio. 47.—Final Slope of a River. 


period of childhood, and forced its way^through 
. the obstacles of middle life, so that its waters . 
run with approximately equal rapidfty, we , 
shall^ find that tlie slope dimimshes from its 
.source to the sea or lake into which,ft falls, 
with some such curve as in tjg. 47 . • , 
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Of Such a river is said to have attained its 
“ regimen/’ mid this isr* the goal /.o which all 
rivers are strrVinsf to arrive. 

^ The course rivet may Ije divided into 
three sta'^es, wliicls^^ay be, and often are, 
repeated* several times, Az .:— 

1. Deepening and widening (the horrent). 

2. Widening and develling (the river- 

m^^er). 

Filling up (the delta). 

and^every part of a river in the second stage 
has passed through the first, every one in the 
third thi'ough the other two. 

In the Valais the Upper glacier is a valley 
in the second stage, the ic^-fall in the first; 
the plain from ^the foot of the fall to the 
Hotel in the Second, from the IIoAcl to near 
Oberwald'’iii the first p from Oberwald nearly 
to Niederwald in the second, from Niederwald 
to rather beyond Viesch in the first; then on 
to ]^ieg in the Second, and from‘St. Maurice 
to Villeneuve in th^ third. 

First Stage 

in the first phase the river has a surplus 
of forefe. It may be called a torrent. It 
cuts deeper aijd deeper infb its valley, and 
carries •away the mud and stones to a lower 
'level. ^ JPhe sides •arS steep, as steep indeed 
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as ^he nature of the material* will permit*, 
and the vaUey is, irf the sh^(; of a V 
with little, if any, fiat*botton:^ ^he water 
Moreover continually* eats .^Oack into, the ‘ 
higher ground. The ch^s^cfer of tSe valley 
depends greatly on th'at‘ of the strata, being 
narrower where,they are hard and. tough, 
Jbroader on the conte’ai^ where t]jiey are soft, 
so that they crumble more easily into the 
stream under * the action of * 1 * 118 ’ w§ather. 
Fig. 46. • 

In^ several cases indeed the Swiss rivers run 
through gorges of great depth, and yet very 
narrow, even in some? places with overhanging 
walls*. The Via Mahi, which lead^ from the 
green meadows of Schams (Sexamniensis, from 
its six brooks) to llmsis, is j^bout five miles 
in length with a depth of nearl)" 500 metres, 
and very narrow, in on* place not^ nlore than 
0 to 15 metres in breadth. 

The gorges of the Aar, of the Gorner, of 
the Tamina*at Pfiiffers, of the Trient, *Rave 
a synilar character. These were formerly, 
supposecl to be fissures due to uphegival. 
They none of them however present a trace 
of^ fracture,^ marka of* water action* can ^in 
places be seen from the base to the summit, , 
and there can be no doubt that they have ^ 
been, cut through l&y the rivers. * 

. In certain cases indeed we have cqiriblusive 
evidence. Some of these gprges ar« left at * 
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titnes quite dry, and it is easy then to see 
that the rQcki is continuous from'side to side. 
The tunneJ^ Isp the Bt. Gotthard line pass 
' no less than siX>- times under the Reuss, •and 
t|iere is no trace ot l*-%ult. 

It mtiy, I think, be~ said that the theory 
whicli attributed the,<^6 gorges to a split in 
the rock, is U 9 \v definitejy abandoned. 

Of course, however, there are some cases in 
which Ttlie'cdurses of streams have been deter¬ 
mined by lines of fault and fracture. 


Second S’daoe 

The second stage com^*ences where the 
inclination bccojnes so slight that the river 
can scarcely carry away the loose material 
brought trom above, or showered down from 
the sides, but spreads it over the valley, in 
whicji it wanders from side to side, and which 
it tends continu/illy to widen. Hence unless 
ihey are confined by artificial embankments, 
.sucht fivers are continually changing their 
course, keeping however within the limits 
of cthe same valley. The width of the valley 
moreover depends on its age, as well as on 
the .size* of the river and thg^ character of the 
rock. * 

If imagine 'a ^river running down a 

regulasl}^ incline^ plane ^ in a more or less 
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straight line, any inequality or* obstruction** 
or the entranoo of .a side* stream, jj^ojikl drive, 
tlie water to one side, aiK? when diverted 
it*wo4ild continue in tlie new. direction, until 
the force of gravity drawing the water in a, 
straight line downwards equalled that*of the 
forcq tendmg to^ divert .its course. • Hence 
thc radius of the curvef^ will follo^v a tegular 
curve-law depending on the volume* of water 
a/id the angle of inclination of flie bed* If 
•the, fall is ten feet per mile and the soil 



homogeneous, the curves would be so much 
extended that the course would appear aliypst 
straight. Moch labour has ,been lost in 
tryirig to prevent rivers frofn following their 
natural of oscillation. But river» are 

very true to their own laws, and a change* 
at ijny part \s continued both upwards and 
downwards, so that a new oscillation in 
any place cuts its^way through the whole 
plain qf the river both above and below. 

. If the river has no longer a sufficient; fall 
to enable it to carry off the mq^erials ifbmngs 

M 
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down, it gradually raises its bed (Fig. 48), iience 
in the lower part of their (!(?»urse many of 
the most cnjobrated rivers—the Po, the Nile, 
the- Mississippi, the Thames, etc.—run. upon 
embankments, partly of their own creation. 

The Reno, the inOst dangerous of all the 
Apennkie rivers, is in spme places pion* 
than 9 metres above the adjoining country. 
Rivers under such conditions, wdien not 
inteKlerec?" With by Man, sooner or later 
break through their banks, and, leaving 
their former bed, take a new course along 
the lowest part of their valley, which again 
they gradually raise above the, rest. 

Along the valley of the Rhone from Visp 
down to the Lake of ' Geneva tlierc is 
often a marsh on one side of the valley, 
sometimes on both, the existence.of which 
may be thus explained. 

This is the second stage. 


Third Stage 

, rjnaiiy, vvhen the stream falls into a lake 
„or sea, or joins a main valley, it cannot carry 
farther the stones and , mud which it has 
brought down, and spreads them out in the 
form of a fan, forming a more or less flat 
cone or delta—a cone 'if in air a delta 
if ui\4ei‘ water; .and the greater the volume 
of voter, the genfler will the slope be, so 
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that jn great rivers it becomes, almost im-i 
perceptible. At this pslfrt of its course, the 
stream instead of meandering, w/U*tend to 
ditidQ info several brandies. 

Cones and deltas are often spokch of as 
if th^y were identical. Tlie surface and 
slope^ are indeed .similar, but the structure 
of a delta formed under water (see p. 155) 
is* by no means the same as that of a cone 
f(p,'med in the air! 

Deltas have generally a very slight iA- 
clination, so far as the surfa<*e is concerned, 
while the layers below stand at a greater 
inclination. jV^ost of* the Swiss Lakes are 
being gradually filled up by the d(?posits of 
rivers. The Lake *of Geneva once extended 
far up the Rhone* Valley to^ St. Maurice 
if not tet Brieg. It presents filso a very 
typical delta at the mnuth of tl\p •Dranse 
near Thonon. Between Vevey and Villeneuve 
are several such promontories, each marking 
the place where a stream falls into tlie 
lake. 

Wllerti lateral torrents fall into a inain 
valley the rapidity of the current being 
checked, their powci' of* transport is Aiming 
ishetl, and similar “ river cones ” are formed. 
A side stream with its terminal cone, \vhen 
seen fronj the opposite side of, the valley 
presenls the appearance sh^wn in Fig.' 49, 
or, if we are looking *do*wn the valley, 
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to A«e side oi the 
inftt.'inr.e. is the cttse 


main valley, as, for 
•in the Valais near 
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Sionwhere the Khone is (Fig, SljT driver^ 



out of its course by, andforms a ,6urve 
round, the cone formed by the^iver Borgne. 
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The river* cones are, in many cases, marked 
out by the‘character of the vegutation. “ The 
Pines enjoy the stony ground particularly, 
and hold" large meetings upon it, '* but the 
Alders 'are shy of it, and, when it has come 
to an« end, form a triumphal procession all 
round its edge, following th^ convex line.” ^ 

The magnitude of cthese “ river cones ” 
depends ‘ on the amount and character of 
the jfSaterials brought into the main valley, 
a/id on the power of the riven to carry them. 
ofi‘. The felling of forests, for instance, in 
a lateral valley will considerably increase the 
erosive power of the stream, a,iid the a'mouiit 
of material brought down., Rocks which yield 
readily to the action of \Veather and water 
will naturally supply most material, and give 
rise to the largest cones, especially if .flicy form 
hard pdbl^les. (Jn the other hand, the Flysch, 
which, as a rule, exercises little resistance, 
does not produce such important cones as 
mfght be expected, because it* disintegrates 
into fine particles which are easily washed 
away. The Cargneule, on the contrary, pro¬ 
vinces large cones, because it Creaks up 
Readily, but into hank* pieges. 

Such cones sometimes raise Ihe bed of the 
valle;f and dam back the water, and thus 
form a marshy and unhealthy tract.. Thus in 
the Upper Valais, below Oberwald is a succes.- 

* KiiHkin. Modern I’tiintera, vol. iv. 
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siou of such cones, one siiccee(ling 'iinothei^^ 
apd with mor^ or less marshy groujid between 
them. At MiinstSr tliera is a fine feone, and* 
f»rtl\pr Tlown are many others at •intervals. 
The two largest are those of the Illgra\)en ‘ 
at l^euk, and the Chamoson at the.moutb 
of the Logentze, both of which raise the 



Km. 51.—Miip showing jtiiictiini of Khcme and Borgne. 


level of the valley above gev(Jral feet. That* 
of tfic* Borgne (h'ig. 51), near Sion, drives 
the river *to the foot of the opposite mounfain. 

When at length a aiver has so adjusted 

• , its* slope that it neither deepens its bed ^n 

* the upper portion of its course, nor deposits 
material's, it is Said to have ^ acquired its 

.“regimen” (Fig. 47), and i,n such a c^e the 
velocity will be uniform. ‘The enlargement 
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of the bed of* a river is not, however, in 
’proportion to the increase of ^its waters iis 
.it approaelies the s?a. Other things being 
e.qual, a • liver which, increases in ' volume, 
increase? in velocity; the “ regimen ” therefore 
•would be destroyed, and the river would 
again commence to eat out its bed., Hence, if 
rivers Enlarge, as fer instarice owing to any 
increase in territory, the slope diminishes. 

Thp follqwing figure (Fig. 52) gives a 



ske/;fth map, and Fig. 53 represent/5 the profiles, 
,of the principal nvers in the valley of the 
Garonne, and it will be seen that the larger 
the ciVer the gentler is the slope. 

• At present many, of the smaller Swiss 
streams* are eating into their cones and en¬ 
deavouring to flatten them, owing perhaps to 
the gradual enlargement %f the gathering- 
grounds. ' 

These cones are' fiwourite sites for villages. 
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wliich are thus ifaised and placed*out of d£fng<ij« 
of ordinary flpods. The loose maiierials of the 
upper part of the cone, moreover, absorb water 
free^ iA the upper parR, which is fiftered„and 
emerges in clear springs lower dowA. Thus 
aris^ many of the fountains in such viUages. 

l5^ow let us suppose that the fojjce of a 
river is again incroased* either ^by a fresh 
blevation, or locally by the rcm«v^ of a 
barrier, or by ah increase in volu'me o\^g to 
, an addition of, territory, or greater rainfall? it 



will then again cut into its own bed, deepening 
the valley, and giving rise to a rapid, which 
will creep gradually up the valley, receding of 
course more rapidly where 4lie strata are soft, 
and lingering longer at any hard ridge. , ^ 
The old plain of the valley will form g, 
more or less continyous»terracc above the n^jv 
,coifrse. Such old river terraces may be seen 
in most valleys; often indeed several,- one 
above ai\pther. * • 

It Inis been sometimes su^pose^ that# these 
terraces indicate a greatei? volume of wa^pr in 
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ivici^ut times sufficient indeed to fill up the 
whole valley to thatr depth. Tt must be 
l*emembered, however, that ’ the terrace was 
formed before the lower part of the valley wao 
excavated. 

Fig. 54 is a section across the valley of* the 
Ticino, a short distance below Airolo. It shows 



Kii!. 04.—.Section across the valley of the Ticino. <Jii the left fnim the Ticino to 
('ainiJoIiiDKo; on the right by Altanca to I’.nci-a. 

tw<5"hi£;h terraces on which tht* Lakes Tom 
/and Kitom are respectively situated, and whicli 
corresjjoiid to those of Campoluugo and 
Treinorgia on the other (W.) side of tJie valley. 
6elow them is another terrace at a height of 
1^50 metres, on which Altanca stands. This 
terracd can be traced for some distance, and 
bears a series of villagej/—Altanca, Ronco, 
Beggio^ Catto, Ogco, etc. In the valley of 
the llcmo there ik alsecoBud series of still more 
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important towns, at or at least little above 
•the present tfiver bed,'but in otkej cases, as, 
for instance, along tlicf Plessur,^ which falls 
lilt® the Rhine at Chut, the present riven, bed 
is cjuite narrow, and the villages are bn an old 
river terrace high above the present water 
level. 

^ Fig. 55 represents a group oj: terraces in 

the Val Camadra. 

% 



In each I'iver system the ^terraces occupy 
corresponding levels, but hi different system^ 
they haxje no relation to one another. • "Jldiey 
afford, as we shall sec in the next chapter, 
vijluablc eyideiica a.i? regards th» former 
history of rivers. 

Hitherto I lupine assumed that tfie river 
deepens its bed vertically. This is not, how¬ 
ever, always the case, df the strata are 

inclined the action of tfie water will* tend to 

• • ‘ * 



1s72 SCENERY 0,F SWITZERLAND chap. 

follow the softer stratum, as for instance, in .the 
following diagram, where J represents a harder 
calcareous mck overlying a softer bed B. 

The enormous amouht of erosion and de¬ 
nudation* which has taken place may be 
estimated from the fact that terraces can still 
be traced in some cases at a height of over 
3000 metres.^, ^ 

« » r I 

As we approach their source, valleys become 

steeper and 'steeper. In some cases, and, 

« 



especially in calcareous districts, the valleys 
endin a precipitous, more or* less semi¬ 
circular “Cirque.”® Springs rising at. the 
foot, of such escarpments are kqown Rs 
Vauclusian, from the celebrated and typical 
m^iance<at Vaucluse. * c . 

Another interesting point brought out by 
the stu^y of Swiss rivers, is that just as in 
Geology, though there have no doubt fieen 
tremendpus cataclysms, still the main changes 
have been due to the continuous action of 

A , 
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existing causes; so also in the .case* of ilvejs, 
however important the effects produced due 
to floods, still the cdnfiguration* of rivel* 
Valleys is greatly dlie to the * Steady, and 
regular flow of the water. 

yioods may be divided into two» classes, 
(1) those d^ue to the bursting of sopae upper 
^reservoir, such, for instance, as the great flood 
'of the Dranse de Bagnes in 181*8f due to the 
.outburst of the lake, which .had been d!|mmed 
back by the.glacier of Gietroz, or the more 
recent flood of St. Gervais; and (2) those due 
to heavy rains. No one can travel much in 
Swittserland \Yithout •seeing the great precau¬ 
tion^ taken to confine the rivers within certain 
limits. In fact, Vhat we call the river bed, is 
rather the low-waier channel, and the whole 
bottonf.of the valley would, but^for these pre¬ 
cautions, be covered during any poAsiderable 
flood. Egypt itself is the river bed of the 
Nile during the autumn flood. 

Giants’ Caldrons 

^ These are more or less circular cavities, 

' often somewhat raised in the centrg. T^ey 
sometimes attain a considerable size—as much 
as 8 metres in diameter and 5 in* depth. 
There Ip a very ffne group at Jjucerne, where 
they are known as the “ J^ardin du Qlacier.” 
They have been excavkte?! in the Jrock hy* 
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bjpckfe of harder stone being whirled round 
by the action of water. Some, of them no 
doubt, and probably those at Lucerne, were 
formed under glaciers,‘at the foot perliajD^ of 
a “ moulin,” but I believe that as a rule they 
were formed in streams.^ Several have recently 
been discovered at the Maloja.; there are some 
specimens also near Serv-oz in the valley of 
the Arve. r llenevier points out that such 
caldro'us canbe seen actually in process of 
formation in some of the existing rivers, as, for 
instance, near the junction of the Jlhone and the 
Valbrsine below Geneva. These, however, will 
be destroyed as erosion continues. Surprise 
is sometimes expressed that Giants’ (-aldrons 
occur where no stream now flows. But it is 
just to this fact that they owe their existence. 
If the river had not changed its course they 
would loijg^since haveebeen destroyed. 

Before closing this chapter I must say a 
few words about subterranean streams. These 
occiif mainly in porous rocks, such as those of 
.the Jura. The ntost considerable of these 
partly. subterranean rivers is the Orbe, which 
ri^jes originally in a little French lake, FjOS 
Rqysses,,* traverses two* othprs on Swiss terri¬ 
tory, the Lake de Joux, and that of Brcnet, 
and th^n disappears suddenly in the ground 
at the foot of, a high cliff, 'feappearing again 

at a distance of .3 km. near Vallorbes. 

* • 

* Favre, Rfich. v. i. 
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gumming up this chapter • we 'ma/ 
that as soon, as any tTact of lond rose out 
of the sea, the rain which fell on the sur¬ 
face would trickle do^Vnwards in a thousand 
rills, forming pools here and there, and gradu¬ 
ally* collecting into larger and larger •streams. 
Whenever*the f^ope was sufficient, the water 
would begin cutting tinto the soil^nd carrying 
*it off to the sea. This ’action would, oJ course, 
.differ in rapidity according to ffhe sld^e and 
hardness of the ground. The character of the 
valley would depimd greatly on the nature of 
the strata, being narrow where they were Hard 
and *tough ; broader,* on the contrary, where 
they'were soft, so. that they crumBled readily 
into the stream,* or where tliey were easily 
split b^ the w^eather. Gradually the ^stream 
would \at, into its bed until •it reached a 
certain slope, the steepness of vihiWi would 
depend on the volume of water. The erosive 
action would then cease, but the weathering 
of the sides* and conserpient widening would 
continue, and the river would wander from*, 
one paVt of the valley to another, spreading 
the materials and forming a river plain. 
At length, as the •rapidity still • further 
diminished, *it would no longer have sufficient 
power even to carry off the materials brought 
down. .It would* form therefore a cone or 
. delta, and instead of wandering wonjff tend 
to divide into diffewnt branches. 



176 SCENERY OF SWITZERLAND «hap. 

C 

When^ we olook at some great valley of 
denudation r.nd the ccftnparatively small river 
which flows througlf it, we may deem it 
almost impossible that* so great an effect ^can 
be due to'so small a cause. We can, however, 
find every gradation from the little gully cut 
out by the last summer shower up to the great 
Canon of Colorado. W® must consider not 

1 f 0 

only the flow of the water, but the lapse of 
time, )ind remember that our river valleys are 
the* work of ages. Moreover, even without 
postulating any greater rainfall in former 
times, we must bear in mind that we are now 
looking at rivers which ''have attained ol* are 
approaching their equilibrium ; they are com¬ 
paratively steady, and even aged, and we 
cannot measure their present effect by that 
which ftiey prb^uced when they possessed the 
energy aild^impetuosity of youth. 

From this point of view the upper part of 
a river valley is peculiarly interesting. It is 
a b5autiful and instructive miniature. The 
-Vater forms a sort of small-meshed net of 
tiny runnels. 

, itere we can as it were surprise the river 
at^ its j^ery commencement; we can find 
streamlets and valleys in every stage, a quartz 
pebble inay divert a tiny stream, as a mountain 
does a greats river; we ^ind springs and 
torrent*^ river terraces and waterfalls, lakes 
and deltas in the space of a few square metres. 
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and ^changes which on a larger •scale require* 
thousands of )*ears,pas8 finder our ey^s. And ^ 
as we watch some tiny riVulet, swejl^ng grad- 
uMly* inlo a little brohk, joined by others 
from time to time, growing to a larger and, 
large? torrent, to a stream, and finally to a 
great river^ it impossible to resist the 
conclusion gradually* fqrced upoiijL us^ that, 
meredible as it must at first sight apf>ea]^^ven 
tlie greatest river valleys, though*their wigin 
€nay be due to 4he original form of the surface, 
owe tliysir present configuration mainly to tjjie 
action of ra^n and rivers. 

Note .—^Throughout western Europe a large 
proportion of the river names fall into three 
groups. 

From he .Old German Aha, Celtic Uisge, 
Gaeli(^ Oich, Latin Aqua (AVater), softened into 
the French Eau, we have the Aa, Awe, Au, 
Avon, Aue, Ouse,’Oise, Grand Eau, Aubon,ne, 
Oich, Ock, Aaeh, Esk, Uisk, etc.. 

From the Celtic Dwr ^reek vSmp), we 
have Od^r^ Adour, Thur, Dora, Douro, I^ire, 
Durance, Dranse, Doveria, etc. 

From the Celtic Jlhifi, or Rhedu, to ru» 
(.Greek peoi), we have the Rhine, Rhone, Reuss, 
Reno, Rye, Ray, Raz, etc. 

The names Aa and Drance or* Dranse are 
so common in Switzerland th^t it is necessary 
to specify them by some further description, 
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toch as the Engelberger Aa, the Aa of Alp- 
nach, thf Milch Aa," Hallwyle? Aa, Waggi- 
thaler Aa, ptc. ' 

The Drance which' falls into the Lake of 
(Geneva near Thonon is perhaps the Drance 
par esMlence, but in the same river system 
we hav» also the Brjuicc de Bagnej the Drance 
d’EntrpmoDit, and the.Diance de Ferret. 

In the'ciise of the Ehine also there is the 
Vordflr Elieln, Mittel Ehein, Hinter Ehein, 
Oberhalbstcin Ehein, Averser ihein, Sahen-' 
El^ein, etc. 
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D^JKCTXONS OP KIVERS 

The gcncnU direction of the river-courses 
in any country is determined in the first 
instance by the co.nfiguration of the surface 
at the time of its becoming dry land. The 
least inequality wodld affect the first direction 
. of the streams, and thus give rise to cliannels, 
which would be gradually deepeue|l tind en¬ 
larged. 

If we imagine a district raised in the 
form of a rjBgular dome, the rivers wbhld 
radiate from the summit •in ’ all directions. 
The fake district in the north of England; 
the Plateau of Lanneme-zan in the so’utlj 
of France, and the Eilsworth Arch,in tjje 
Hehry Mountains,^ offer us approximations 
to such a condition. It seldom happens, 
however,^ that the 'case is so sinjple, and the 
directions of rivers offer .many interesting 

J ^ee Gilbert, Gefihtjyfif the Hen/y ^louiUains. 
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^ob*lems, wjfich are by no means easy, to 
^solve. 

As alrpgidy mentioned {ante, p. 144), the 
Swiss rivers follow two main directions, at 
fight angles to one another, namely, S.W. 
by N.E. and N.W. by S.E. The' first 
follows «the strike pf the strata,* The ex¬ 
planation erf the second is not so simple. 
The jprobable cause, however, which hvis 
determined *the two main directions of the 
Si^iss rivers has been already suggesjted« 
{anjie, p, 150). , 

The principal Swiss rivers must be of 
great antiquity. Some 6f the streams in the 
eastern and central parts ‘of the Alps 'prob¬ 
ably commenced even in Jlbcene times. The 
Nagelflue was .brought down from the moun¬ 
tains by rivers which probably occupied the 
upper parts of the valleys of the Aar, Reuss, 
etc. 

Ifevertheless there have been great changes 
in the course^ of the Swiss rivers. These 
• are ascribable to •four main causes:—J'irst, 
it must be remembered that streams are 
continually eating back into the hills. In 
nMiny viases they cilt oompletply through 
them, ^ and if the valley into which they 
thus force their way is ^t a higher level, 
they carry off the upper waters; Secqndly, 
later ea^rth moven;ients in many cases diverted 
the rivers; Thirdly,*thc^‘have in many cases 



vni DIREbnONS OF RTVERf? 181. 

» 

been diverted by masses of glmal clepcteit.%f 
and Fourthly* the summit ridge the Alps 
is slowly retreating northwards, which affects* 
the i'iver system of all the upper dfistricts. 

In the great Swiss plain the * country 
slopSfe on the whole northwards from the Alps) 
so that tha lowest part is that along ,the foot 
of the Jura. Henae (Mg. 42)^ the main 
fWainage runs along the line from? Yverdun 
to Neuch4tel, ' down the Zihl»to S(^eure, 
ind then alorjg the Aar to Waldshut. Ttie 
Upper Aar, the Emmen, the Wigger, the 
3uhr, the Wynen, the lower lleuss, 'the 
3ihl, tind the Juimmat?, besides several smaller 
(treaihs, running .approximately parallel to 
me another—N.N.W., and at a right angle 
vith the main axis of elevation, all join 
he Aai^frcyn the south, while ^n the* north 
t does not receive a single tributjirj^ of any 
mportance. 

On the south side of the Alps again, and 
or a corresponding reason, all the gfeat 
ffluents of the Po—the-^Ddra Baltea, the’, 
lesia) the Ticino, the Olonna, the Adda, 
he Adige, etc., come from the north, *antl 
11 run S.S.E. frojm ihe axis of elevation 
3 the Po. 

Indeed, the general slope being from the 
:dge of, the Alps towards the, north, most 
f the large affluents of rivers running in 
mgitudinal valleys fall in on the. south. 
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g\^, €01 •inst^ince, those of the Is^re from 
Albertville ,to Grenoble, of thq. Rhone from 
*its soured to Martigny, of ‘the Vorder Rhine 
fronj its ‘source to Ohur, of the Inn from 
Landech* to Kufstein, of the Enns from its 
Source to near Admont, of the Danube' from 
its sourjpe to Vienna, and, as just, mentioned, 
of the valley from* Y\ierdun to Waldshut. 
Hence als©, whenever 1;he Swiss rivers running 
east ^fid west break into a transverse valley, 
asp the larger ones all do, aijjd some more, 
than once, they invariably, whether origin¬ 
ally running east or west, turn .towards the 
nortli. • 

But wily has the pl^in of Switzerland 
this slope ? Why is it lowest along the wall 
of the Jura ? As has bden already pointed 
out, this part* of Switzerland w^as ^formerly 
a sea, Whjcli was gradually filled by river 
deposits. It is indeed a great “cone” due 
to many rivers wliich flowed down from the 
risWg Alps. This being so, the -general slope 
is naturally up to, and the lowest part is 
that farthest away from, the mountains. 

, In considering the courses of rivers it must 
bg, remembered that the conformation of the 
strata situated below by no means always 
corres][iond with that of the surface. Again 
it will somejimes happen'’that rivefs follow 
a cou^e w'hich is very difficult to explain, 
beca^sQ, in fact, it flias uo reference to the 
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present configuration of tlie sujfiice,* but* luu} 
been determiped by th^e existence of strata 
which have now disappeared. * • 

« ^t often happens, for instance,* that ^ the 
rivers now run apparently on an anticKnal,*and 





Pia, 55'^T>iagrani to illusimte a river now running in an aiiifclinal. 


have a synclinal on one side (Fig. *57), as, for 
instance, the Rhine at Dissentis (see Fig. 
135). , •• 

The folds, however, being inclined, it will*, 
be seeif from the dotted lines (Fig. 57) that* 
when the river began its labour it perhaps 
did run in the synclinal, but having, cut its 
, wffy directly downwards is now some way 
from it, and will diverge further and further 
as erosiqn proceeds. 

It is a remarkable fact that grej^ folds 
by no means always (Jetefmine tliQ water- 
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bift, the contrary, rivers often cut 
through ra]pges of mountains. ^ 

* Thus Ihe Elbe c»ts right across the Erz- 
Gebirge, ‘the Rhine Mirough the mbuntains 
between* Bingen and Coblenz, the Potomac, 
the Su^uehannah, and,the Delaware through 
the Alleghanies. Even the chain of the Hima¬ 
layas, though the loftiest in the world, is 
not a ’s^atarshed, but fs cut through by rivecK • 
in mote than one place. The case of the 
D*anse will be alluded to fiy'ther on. In. 
these instances the rivers probably preceded 
the* mountains. Indeed, as soon as the land 
rose above the waters^ rivers^ would begin 
their work, and having 4DDe so, if a’’ sub¬ 
sequent fold commenced, iJnlcss the rate of 
elevation exceeded the pbwer of erosion of 
the rif-er, th«*two would procee4 siiSiultane- 
ously, scF that in ma^jy cases the river would 
not alter its coRrse, but would cut deeper 
and deeper as the mountain range gradually 
rose.* 

In other cases jvhere we generally speak 
of a ^river suddenly changing its direction, 
Vould be more correct to say that it 
faUs iiy;o the valley o|[ another stream. 
Thus the Aar, below Berne, instead of con¬ 
tinuing in the same direction, by what seems 
to have beeij its ancient bourse, along the 
broad valley now only occupied by the 
little ^UjrtenenbacR, suddenly turns at a riffht 
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aiigle, falling into the valley of thfe Sarin^, 
ijear Oltigen., • , 

Take again tKe Rhone (Fig. 51?). It is* 
said, to* turn at a right angle at* ’"Martigny, 
but in reality it falls into and adbpta the 
tranj?v^erse valley, wiiich properly .belong^ 
to the Dr^se; ^ for the Dranse is probably 
an older river and r^in ift the present course 



even before the origin of* the Valais. This’ 
would Seem to indicate that the Ob§rland 
range is * not so old as the Pennine, and 
that its elevation ,was* so gradual t];iat t^e 
Dranse was* able to wear away a passage 
as the ridge gradually rose. After Iteaving 
the Lak,e of Gen*eva the Rhope follows a 
course curving gradually tg the soutl^ until 
it falls into and adopts fe valley whmh, pro- 
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,^er]^ beiongfj to the Valseriiie, and afterwards 
another be^pnging to# the little ^river Guiers.; 
•it subsecftiently joins^the Am, and finally falls 
into the JS9,6ne. If these valleys were gjttri- 
buted t(9 their older occupiers, we should there¬ 
fore coi^fine the name of the Rhone to the por¬ 
tion of its course from its source tQ Martigny. 

From Martigny if invades successively the 
valley;^ o4 ^he Drans5, Valserine, Guiers, Air- 
and -^one. • In 'fact, the Sadhe receives the 
Ain,*the Ain the Guiers, the (Juiers the Val- 
scrine, the Valserine the Dranse, and the 
Diftnse the Rhone. This is uot a mere 
question of names, but .also one of antiquity. 
The Sa6n«, for instance, flowed past Lyons to 
the Mediterranean for a^s before it was 
joined by the Rhone. Ifl our nomenclature, 
howc^^r, tha Tlhone has swallowed - up the 
others. • This is the^ more curious from the 
fact that o^ the three great rivers which unite 
to form the lower Rhone, namely, the Sa6ne, 
the'Doubs, and the Rhone itse]f, the Sadne 
brings for a lafgc part of the year the greatest 
volume of water, and the Doubs -hafe the 
lon|;est course. 

We will now consider some of the cases in 
wliich Swiss rivers have altered their courses. 
In some of these the change of direction is 
doubtless due to the fact that some stream at 
the lower level, or^with a greater fall, has eaten 
its way, back, and*so*tapped the higher valley. 
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Rivers, indeed, have their a(]^vent\ires#ancl 
vicissitudes, ^heir wars .and invasions. Take, 
for instance, the * Upper. Rhine (Fig. 59), of* 
‘jvhiph 'v^e have a very interesting ’atcount by 



Ileira. It is formed of three main ])i?inches, 
the Vorder Rhine,*the Hinter RJiine, and the 
Albu/a. The two latter, j^fter meetir^ near 
Thusis, unite with the Vorder Rhine at 
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^ei«henj!u, and run by Chur, Mayenfeld, and 
Sargans mto the Tsake of Constance a.t 
Khemeck.^ , some" former period, however 

. • 



I**® 1°'''*^'' «“ted then, 

hioW^A ® “OW, at Eeichenau, but at a much 
higher level, and rad to Mayenfeld (Fi^. 60), 
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not,by Chur, but by the Kunkels’Pas* t*j> 
Sargans, and iso onwards, not to the Lake of 
Constance, but to that oP Zurich. I’he Land- ’ 
i^asaer at that time rdse in the ^chlappina 
Joch, and after receiving as tributaf-ies the 
Vereiha and the Sardasca, joined the »Albula, 
as it does n»w at-,Tiefenkasten; but instead of 
going round to meet* the* Hinter JElhine near 
Thnsis, the two togetlier travelled parallel 
\i^ith, but at some distance from* the Iljnter 
^'Rhine, by Hekie to Chur, and so to Mayea- 

. , 

As we look up from Tiefenkasten towards 

Heide’ and the, Parpan Pass it seems almost 
incredible that the, Oberhalbstein Rhine can 
ever have taken th*at course. I give therefore 
(Fig. 61) the following profile showing the 
•old river..terrace, but with the height exagger¬ 
ated in comparison with* the distai^ce,* This, 
however, does not affect the relative elevations. 
The dotted lines follow the natural slope of a 
river, and the* strengthened parts show wfifire 
portions of terrace still remain. ’ It is obvious 
that befdre the ancient Schyn had cut its, way 
up to Tiefenkasten the Oberhalbstein Rhine; 
and the Landwasser flowed over the Parpiyi 
.Pas’s, and not only flowed over it, but have 
cut it down some 610 metres, that is io say, 
when |;he, river flowed over it with its natural 
regimen in relation to the valley it w^ at a 
height of 2200 metres, and has left a fragpient 
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of terrace at that height at Vor der AngstBerg,* 
the Parpan it‘»elf being <?nly 1500 metres. 

In fact, the Parpan arfd Kunkel^ jpasses arc 
tlesorted river valleys, ’showing on each .side 
river terraces, and were obviously once the^ 
beds *of great rivers, very different f/om the 
comparatively sipall streams which now run 
in their lower parts. . ^ » , 

'•-'•In the meanwhile, howevpr, the T^and^uart 
stealthily crept up the valley, attacked the 
rid^e which then united the Casanna and the 
Madrishorn, and gradually forcing the pas¬ 
sage between Dorfii and Klosters, invaded 
the Valleys of the Sbhlappiua, Vereina, and 
Sardasca, absorbed them as tribuWies, de¬ 
tached them from their allegiance to the 
Landwasser, and annexed tliQ whole ^of the 
upper province, which had fornferly belonged 
to that river. 

The Schyn also gradually worked its way 
upwards from Thusis till it succeeded in 
sapping the‘Albula, and carri 9 d it down *the 
valley to join the Voider •Rhine near Thusis.’* 
In whaf is now the main valley of the .Rhine 
above Chur, another stream ate its way back, 
and eventually tapped the main rivers at 
Reichenau, thus diverting it from the Kunkcls 
and carrying it round by Chur. 

It is,possible tfiat in the distant future the 
Landwasser may be still fuyj;her robbed of its 
territory. The waters of the Davos I^ahe, the 
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i^liic^a, tfie Dischma, and the Kuhalpthal now 
take a vepr /jircuitous •route to Chur, and it is 
hot impossible that they may be captured and 
carried ofTby the Plesf^r. 

At Sargans a somewhat similar process was 
repeated, with the addition that the material 
brought^down by the Weissta^ineii/ or perhaps 
a rockfall, d^ected the EJiine, just as we have 
seen (p. 187) that* the* Rhone was pushed ©it 
one s^h by the Borgne. The Rhone, however, 
, had no choice, it was obliged r to force, and 
has forced, its way over the cone depositjsd by 
the Borgne. The Rhine, on the contrary, 
had the option of running down, by Vadiiz to 
Rheincck, And has adopted this course. 

The association of the three great European 
rivers—the Rhine, the Rholie, and the Danube 
—with* the pitist history of our race,invests 
them with^a singula* fascination, and their 
own story is one of much interest. They all 
three derive part of their upper waters from 
the’group of mountains between? the Galen- 
.Stock and the Bermirdine, within a space of 
a few, miles ,* on the east the watefs now 
run * into the Black Sea, on the north to 
th(^ German Ocean, aiAi op the west to the 
Mediterranean. But it has not always been 
so. Their head-waters have been at one time 
interwoven together. * ^ 

The present drainage of Western Switzer- 
* land jvery remarkable. -If you stand on a 
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height overlooking the valley of t];^e Alve near, 
Geneva, you see a semioircle of mountains— 
the Jura, the Vuache, the» Voirons,*et<;., which 
enclq^e the west end of the Lake of •Geneva; 
the Arve runs towards the lake, whi(?h itself 
opens*out towards Lausanne, where ^ tract' 
of low land, alone separates it from the Lake 
of Neuchatel and *the yalley of the Aar! This 
s^^evQS the natural outlet Tor the waters'of the 
Rhone and the*Arve. As a* maUer 0 $ fact, 
Jaowever, they ^scape from the Lake of Gchev^i 
at the western end, through the remarkable 
defile *of Fort de I’Ecluse and Maupertdis, 
which »has a depth of nearly 300 metres, and 
is at one place not^more than 14 feet across. 
There are reasons,* moreover, as we shall see 
presently, for considering the defile to be 
nf compdiratiye recent origin. ’ Moreover, at 
various points round tl^e Lake of Geneva, 
remains of lake terraces show that fhe waters 
once stood at a level much higher than at 
present. Ono of these is rather more than* 7 6 
metres above the lake. ’ < 

Thfe Idw tract between Lausanne and Yver- 
dun has a’height of 76 metres (250 feet) oifiy,^ 
and corresponds with the above-mentioned’ 
lakt? terrace.' The River Venoge, or, as it is 
called in the upper part of its course, the Vnyron, 
whieh rises between’Rolle and the Mont Tendre, 
runs at first towards the Lake o*f Neuchatel, 
but near La Sarraz it divides*; the vall^J^^con- 
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,|iin4es ifi th^ same direction, and some of the 
water joins^the Nozon, which rujtis to the Lake 
Neuch^tel at Yvwdun ; hut the main river 
iurns sh^J)ly to the Bouth, and falls into the 
Lake of Geneva to the east of Morges. 

It w probable, therefore, that when the 
Lake of Geneva stood at the le'vjel of the 76 
metres terrace the Waters ran out, not as now 
at Gebeva and by 'Lyons to the Meditet- 
ranc^ii, bub- near Lausanne by Cissonay^^nd 
fintreroches to Yverdun, an^ through the 
Lake of Neuch4tel into the Aar and the Rhine. 

‘‘But this is not the whole of the curious 
history. At present the Aar makes a sharp 
turn to the west at Wald^hut, where it falls 
into the Rhine, but there fs reason to believe 
that at a former period, * the river continued 
its cohrse eastward to the Lake of Cdnstance/* 
by the HraUcy of the^ Klettgau, as is indicated 
by the presence of gravel beds containing 
pebbles which have been brought, not by the 
Rhine from the Grisons, but by the Aar from 
• the Bernese Oberland, showing that the river 
which occupied the valley was not tiie'Rhine 
\yu% the Aar. It would seem also that at one 
tiiyie the Lake of CoQStance stood at a con¬ 
siderably higher level, and that the outlet was. 
perha|is, from Friedrichshafen to Ulm, along 
what are no^ the valleys df the Schussen*and 
the Ried, into th <3 Danube.^ 

, *<Dn Pasqnier, BeUr. z, Qeot.' K- d. Schw., L. xxxi. 
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The River Aach, though, a tributary of ifch^ 
Rhine, still dQjrives its head-waters from the 
valley of the Danube. A part of the water 
of th§ Danube sinks into fissures in tAd Juragsic 
rocks at Immendingen, and makes its *appear- 
► ance again as copious springs at Aach, from 
whence they;£low^into the Lake of Copstance 
near Rudolphzell. , * ^ 

*• Thus the head-watem*of the Rhone appear 
tp^^ave originally run between Morge«^»and 



Pio. 62.- Sectl<jn across the Val d’Kntremont at Bourg St. Pierre. 1 = 100,(XX). 

Lausanne *and to the Lakes of NeuchAtel^ 
and Constance into the* Danube, and^ so ^o 
the * Black Sea, Then, after the present 
valley was opened between Waldshut and 
Basle, they flowed ’by Basle and ^ the present 
Rhine,’arid after joining the Thames, over the 
plain which now forjns the Clerman Sq§, into 
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the* Afctic, Ocean between Scotland and 
I^orway. Finally, after the opening of the 
passage •at Fort de TEcluse, by Geneva, 
Ly 9 ns, aliS the vall(fy of the Sa6ne, to the 
MediteAanean. 

In the upper parts of the district thei>e have « 
also begn some changes. 

Fig. 62 shows *fche ^iver terraces on the 
Drans5 cV^ntremont,* near Bourg St. Pierre, • 
whetef the Society for the projection of Alpine 



j)lAnjs have established a very interesting 
i^ine garden, and <»(Fi^ 63) those further 
down the valley near La Douay. 

Th^ uppermost of these terraces is at a 
height of 2200 metres. •The col leading to 
the Vallee de Champey is at a height oi about 
1500 Ijietres, and until the river had reached 
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a lower level than this, the waters’of thei 
Dranse followed wl^at the!*map show^ was their 
natural course down the Valine de ^(^liampey. 
ffventuaUy, however, th*e Orsihres branch, of 
the Dranse de Bagne cut its valley back and. 
-carried off the upper waters to join the Dranse 
de Bagne at» Sen\branchier. This wast facili¬ 
tated by the compajrative softness of the 
Jurassic strata p-nd Gray Schists, \fliiie the 
\4sihie de Champey is in Protoghie, FelSite, 
Porphyry, <»which oifered a much greatefT 
resistance to the action of the waterJ ^ 

The Trient also has changed its course. 
Originally it ran over^the Col de la Forclaz 
down fo Martigny.. In this case tlfe change 
is due, not to any * difference in the hardness 
of the rock, but to t*he greater ,fall, and^ con¬ 
sequently*, greater erosive power,* of the Eau 
Noire. • * 

It would also seem that some of the 
Vaud and Frieburg rivers must be older than 
the final elevation of the mountains at the 
north-east end of the Lake*of feeneva. Gil- 
lieron points out that the Broye, the Mioung-z, 
the Flon, and I may add the Sarine, from. 
Sarnen to below Ch^teah d’Oex, run towards 
the *Lake of Geneva, until they are stopped 
by the mountains between Chatel St. Denis 
and'Tihp Bocher de ^Iaye, and forced to return 
northwards. 

1 
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•Thefe is •also one important change which 
applies to ifhe whole •crest of tlv*. Alps. 

Wat^sheds are* at first determined by 
thQ form* of the earliest terrestrial surface, 
and if fhe slopes in each side are equal they 
will permanent; on the other hand if, as in« 
the A^ps, one side is much, steeper than the 
other, it wdl be ‘worn back more rapidly. 
Hence the wholg crest of the^ Alps is, though 
of ^durse very slowly, moving northw«T;ds. 
^'his is specially marked in the case of tho 
Engadine (see ch. xxiv). 

These changes and struggles* have by no 
means come to an eifd. In .some cases we 
can alredldy foresee futuiie changes. Eor in¬ 
stance, the Nolla, which falls into the Hinter 
Rhine at Thusis, is rapidly eating back into 
the mountains near Glas, and in, geologically 
speakilfg,^a comparatively short time it will 
probably invade the Valley of the Versam, 
carry off its upper feeders, and appropriate the 
wlilers from the upper valley. So rapidly is the 
change progressing that after even a few hours’ 
rain.,the Nolla becomes quite black. In its 
.u^er part the Biindnerschiefer is saturated 
Wth water, and reduced gjmost to a black mud. 
The ground may be said to be continually in 
slow movement down to the valley, and the 
houses of Qrlas and Tschappina hove to be 
continually repaired. Some have moved as 
muqh .as 60 metres 'downwards in thirty years. 
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Age op Uivers 

^ It foUows from these consideratiopg not only ' 
that*the Swiss rivers are of very different ages, 
some ^being of comparatively recent origin,, 
while others date back to very great aifbiquity, 
but that different parts qf what is now con¬ 
sidered a single river g^re of very different 
ages and have a very differerit histor^ 

southern part of the Cenfral AfpS are 
supposed to hilve been first raised above tl?e 
waters^ and to have formed an Island, in 
Eocene times, to which therefore some of the 
head-,waters date back. It is, however, clear 
that the rivers crossing the Mioeen*e deposits 
of Central Switzerland cannot have commei^ced 
until aftjpr the Miocene strata had been, raised 
*and become‘dry land. In fact tlie upner parts 
of the Keuss and the Aar probably rejiresent 
the rivers which brought down the great masses 
of Miocene gravel which now form the low¬ 
lands of Switzerland, and through which they 
subsequently cut the lo#er parts of their** 
courses. .These therefore must necessarily 
of much less ancient origin; but eventhesc 
valjeys were, as a sule 'excavated to their ^iill 
depth before the Glacial period, ancj must 
th^efore be of imipense antiquity. 
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THE LAKES 
o 

The Alps are surrounded by a beautiful 
circle of lakes. We have on the north, be¬ 
sides many smaller ones, those, of Constance, 
Walen aild Zurich, Zug, Lucerne, Brienz 
and Thun, Geneva; on thb south the Lago 
Maggiore, Lugano, Como* Iseo, and Garda, 
all seeming Hjo radiate as it wei;e fpom the 
great c^t^al mass of the St. Gotthard. I 
do not mention the Lakes of Neuch^tel or 
Morat, because they belong to a different 
category. * 

These great* lakes are clearly not parts of 
a forpoer inland sea. They stand at’'very 
(iiffefelit levels. The Lake of Brienz, for 
in^nc^ is 190 metresaboye that of Geneva; 
that of Orta is 225 metres above the Lake. 
of Garda. 

But in cQnsidering the^ origin pf these 
lakes we must have regard not merely to the 
surface Jevel of tie Vatei^ but also that of 

9 
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th^ bottom. When we give the Jeveltof^a 
lake it is usnal to quote that of the upper 
surface^ but the bottom is perhaps iSven mort* 
“important, and as wd shall see* *from, the 
following table, there is a great * contrast 
bet\\^en the two :— 



• 

Surface Leve^ 

GPeatest Depth. 

• 

Bottom Level. 

“(Jonstance 

396 metres 

• * 

252 metres 

/43 metres 

Walen 

42^ 


151* 

.• 

2?2. 

yy 

Sf^fffFfch 

409 


142 

yy 

26? 

yy 

Zug 

41? 


198 

yy 

219 

yy 

Lucernf 

437 


214 

yy 

223 


Sempach 

.607 


87 

yy 

420 

yy 

Brienz* 

666 

yy • 

261 

yy 

305 

yy 

Thun 1 

56?) 

yy 

217 

yy ^ 

, 343 

yy 

Geneva 

375 

• 

^yy 

309 

•y 

66 

yy 

Neuchdtel. 

432 

yy 

153 

yy 

279 

yy 

Bienne 

434 

yy 

74 

yy 

360 

yy 

Orta •* 

290 

yy 

143 

yy 9 

147 

yy 

Maggiore * 

’194 

yy 

656 

yy 

^461 

yy 

Como 

199 

yy 

^414 


1 -216 

yy 

Lugano 

266 

yy 

288 

»yy 

- 22 

yy 

Varese 

239 

yy 

29 

yy 

210 

yy 

Iseo 

1^5 

yy 

346 

yy 

-161 • 

•yy 

Garda 

65 

yy 

346 

• 

A 

-281 



These’depths are the more remarJifllWe if 
we compare them, with certain sea^. J^or 
ins’tance, tKe English Channel is nowhere 
more than 50 metres in depth, thd North , 
See, 60., 

The original depth of th§ Lakes was, more¬ 
over, even greater, JoecauSe the presenti*bpttom • 
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in ev^ry rcaae covered by alluvium of 
unknown, but no doubt considerable, thick¬ 
ness. ^ 

The LSkes of Neuth4tel and of Bienne 

* 

only diffbr by 1 metre as regards the water 
level, but the Neuch&tel basin is 60 metres • 
deeper than that of Bienne. ^ < 

The ^rcat Italian* lakes, as shown in the 
foregoingMable, descend below, sometimes 
mucli*below, 4he sea level. , 

crThe lakes, moreover, are ip. some cases' 
true rock basins. In the case of Geneva, 
for ‘instance, though the actual outlet is 
3ver superficial debris • the solid rock ap¬ 
pears in the river bed ,at Vernier only 
10 metres below the surfadb of the lake, or 
300 metres above the deep6st part. 

The* mateffals brought dowji by the 
rivers hftve not on^ raised the bottoms 
of the lakes, but have diminished their 
area by filling them up in part, especially 
at the upper ends. It is evident that 
.they were at ‘ones time much larger than 
they ^re now. The Lake of Geneva ex- 
t§n(J8^ at least to Bex and perhaps to 
Br^g, ^hat of Brie®z ,to Meiringen, of 
Lucerne to Erstfeld, the Walensee to Chur, 
the Lake of Constance at least to Feld- 
kirch, the I^ago Maggiore to BeUinzoaa, 
that of Como to Cfiiavenna. 

Mor^ver, the Takes of-Brienz and Thun 
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formed one sheet of water, ^ als?o did Jlie 
Walensee ai^d the Lake of Zurich. 

Very slight changes might aghin greatly 
enlarge the lakes. For instaifce, if the. 
narrow outlet of the Aar, somewhat below 
Bru’gg, were again closed, a great part *of 
the centrei Swi^s plain would be submerged. 

The problem of th*e origin of* lakes is ’ 
by no means identical with tha#^(5f rivers, 
^e have not only to * account the 

general depth of the valley—this may. be 
due ^ to running water—but for the excep- ' 
tional basin of the lake; running Vater 
produces vjjlleys, it tends to fill up and 
drain lakes. , • 

To what theif Jire lake basins due ? 

It used to be* supposed that many lakes 
were ’due* to splits and fractures.* I do 
not, however, know, of any ^ Swiss lake 
which can be so explained. 

We may divide Lakes into four classes :— 

f. Lakes of embankment. 

2. Lakes of excavation. 

3. Lakes of subsidence. 

4. Crater lakes. 

In many cases, however, a lake may be due 
partly to one of these causes and partly to 
atfiothcir, and for convenience, of description 
they may be dealt with u^ider eight heads :— 

1. Those due. to irregular accumulations 
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o£^ drift ;* th»se are generally small and 
shallow. 

* 2, Corrife lakes. 

3. .Those Sue to moraines. 

4. Those due to rockfalls, landslips, river 
cones, glaciers, or lava currents damifiing 
up the coprse of a river. 



of soltjMe ro«k, such as salt, or gypsuje., 
Thase principally occur in Triassie areas. 

7. Crater lakes. 

8. * The great lakes. 

c 

1. As regards the first class, we find here 
and there on the earth’s surface districts 
sprinkled with innumerable Shallow lakes of all 
sizes, doW to rtiere pools. Such, for instance, 

. occur in district of Le Pays de Dombes 
between the Rhone and the Sadne, that of 
La Sologne near Orleans, in parts of North 
Ametica, in Finland, and elsewhere. < Such lakes 
a/e, as a rule, quite shallow. They are due to 
the f act, of these regions having been covered 
by .sheets of ice which strewed the land with 
irregular gnasses of clay® gratvel, and sand, on 
.a stratum impervious to water, either of hard 
.rock such as granite or gneiss, or of clay, 
so that the raiji cannot percolate through tP, 
and where there is^.not sufficient inclination 
Uo thro'y it off. ' 
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^ 2. Corrie lakes may be thus e*plaiVied. • l^et 
.us assume a^slope (Figi 64, ah c d) on which 
snow and ice (e) accumulates. * * 

' »The rocks and fragments falling froip the 
heights would accumulate at d. *IVIoreover, 
the ^ce would tend to form a hollow at 
(Fig. 65) vihere Jbhe pressure would be^ greatest. 

If subsequently jbhe know an,d ice melted, 
water would accumulate in ttfe* hollow 



'* • 

(Fig. 66), and lakes thus formed are commoi 
in mountainous districts, where they have a 
special name—Corries in Scotland, Oulos in 
the Pyrennees, Botn in JSTori^lray, Karwanney 
in the Oerman Alps, etc. 

3. a’ third class of lakes is tha^^tihe ^to 
river valleys having been dammed up bjj^ the 
m'oraines of ancient glaciers. ^ 

To this cause are due the Lake Of Zurich 
(i«f part), the Ldke of Hallwyjl, of Sempach, 
several of the Italian lakqs (Iseo, Orta), and 
many others. I» fact; most of thjp valleys* 
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degce&din^ from the Alps have, or have had, 
a lake where they open*on to the ^Plain. 

* 4. The •fourth class of lakes were once 
even jtnore ‘numerous iif Switzerland than, at 
present. *As cases of lakes due to rockfalls, 
I‘may mention the Torler See, near Zurich, 
and the lj.l6n See in Glarus; ajnong those due 
to river-cone% the S^neiw See, and the lakes 
of the Tj^per Engadine; and as instances of 
lakes jammed baclc by glaciers* the Lake^of 
jra®ul on the Mont Blanc range, and the 
Merjelen See, which is dammed back by 
the Aletsch glacier. In our own country 
the margins of such am ice-drammed lake 
form the celebrated “parallel roads of Glen- 
roy.” 

5. Loop lakes occur aldng the course of 
many large rivers. The stream Jbegins by 
winding ifi loop whicji almost brings it back 
to the same point. The narrow neck is then 
cut through and the loop remains as a dead 
rivei? channel, or “ Mortlake.” Again, when 
island is fofmedpin mid-channel, one of 
the sidp streams is often cut off, and forms a 
ciu*v^ piece of standing water. 

^ Subsidence lakes,ajready mentioned, 
occur principally in Triassic areas. The 
gypsum *or salt is dissolved away in places, 
and eventually^ the ground gives way, leayijug 
funnel-shaped hollows. 

SucJiV pool was actually formed near the 
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village of Orcier in the Chablaie in ’the.yenjr 
J.860. They^ had previously been a strong 
spring giving rise to a stream. Suddenly th«5 
grciina fell in, formil3g a pond'about 20 
metres long and 8 wide. Three fine* chestnut 
trees*were engulfed, and the pool was so deep 
that at 20,* metopes no bottom was found, nor 
were even the tops of the* trees tojuched.^ 

These hollows are g'enerally sm«fl,' though 
^.^ome cases, as for instance the Konl^-See, 
the Lakes of ,Cadagno and Tremorgia in the ^ 
Ticino, they are of considerable dimensions. 
Our t5heshire Meres are mainly due to* the 
same* cause. , » 

* 7* Lakes occupying craters are far from* 
infrequent in Vofcanic regions, as for instance 
in the Auvergne, the celebrated Lake Avernus 
in the ^jlistirict of Naples, and 'the Maare of 
the Eifel. There are, however, no^crAter lakes 
in Switzerland. 

8. As regards the greater Swiss lakes there 
has been much difference of opinion. * • 
Ramsay and Tyndall saaintained that they, 
were’rdfek basins excavated by glaciers., 

Mortillet and Gastaldi ^ have sugge»<!6cf*th;it 
the valleys were in, pre*glacial times fijled jyith 
alluvium, and that this soft material has been 
ploughed away by the glaciers. 

•^‘Th^t glaciers rub down rqcks,” says Sir 

* Favre, Iteeh. Oeo^.tvol. ii. » 

® “ Sur raffomllement^laciaire,*” Ifftl. 186S. 
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Geikift, “js demonstrated by the roches 
moutonnSes which they leave behind them.”. 
That the}^ can dig out hollows has been 
denied hf 'some able? observers, but tjiat' 
they can* do so to some extent at least, 
sterns to. be proved by the way in which the 
ice-striae descend into and rise cyit of rock 
basins. * * . * 

“ Talfifig til e case of h glacier,” says Tyndall, 

“ SOOoRetres deep*(and some of'the older ones 
^w«re probably three times thig depth), and 
allowing 12*20 metres of ice to an atmosphere, 
we find that on every square inch of its 
bed such a glacier presses with a weight of 
*486,000 lbs. With a verticaf pressuie of 
this amount the glacier is* urged down its 
valley by the pressure from*behind.” * 

Inddbd, it 4^ obvious that a glacies many 
hundred,# or in some giases several thousand, 
feet in thickness, must exercise great pressure 
on the bed over which it travels. We see 
this* from the striae and grooves pn the solid 
/ocks, and the fine raud which is carried down 
by glacial streams. It is of quite a different 
c^a]®&L\ar from river mud, being ‘soft and 
im^lpaye, while river* mud is comparatively 
coarse and gritty. 

The \iiminution in the rapidity of motion 
of a glacier at^ the sides and near the bottom, 
which has been , sometimes relied on as 

* Tyndall. “ Conformation of the Alpi,” Phil. Mag, Oct. 1869. 
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evi(^ence that glaciers cannot ex«avat*e, sliow§» 
on 1the contrary how gresrt is the pressure. 

The question has been*sometimes Uiscussed ’ 
as ii* the point at issue ^ere whether rivei^ or 
glaciers were the more effective as excavatorp.^ 
* But this .is not so. 

Even those w)io consider that lake^ are in 
many cases due to glaciers miglit yet admit 
thdl; rivers haye greater p^wer oP*^ erosion. 

is, however, an essential differeilcjb in 
fne mode of action.^ Rivers tend to regularise 
their bpds; they drain but cannot form lakes. 
As Playfair* long ago pointed out,^ a lake 
is buC a ten\porary 'condition of a river. 
Owing* in fact to rivers, lakes are iViere tem¬ 
porary incidents. * The tendency of running 
waters is to cut through any ^projection, so 
that finfijly, its course assumes* some* such 
curve as that in Fig. 47*1 from the, s(?urce to 
its entrance into the sea. 

The existence of a hard ridge would delay 
the excavation of the valley; above it ‘the 
slope would become very gentle, but no actual 
basin coul^ be formed; we should have gome 
such section as in Fig. 67. The action of a, 
glacier is different; jt picks out as it wipre t4ae 
softer places,’and under similar circumstances 
basins might be formed above the harder 
ridg^ fis ^hown in !;he dotted lineg, D, D. 

In many of the Swiss valleys the pressure 

* Playfaii^s Works, vol. i. 

*P 
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the fee oa its bed must have been very 
great. The Rhone glacier not, only occupied 
*the basin*" of the Lakfe of Geneva, but rose on 


the,Jura *to a height 6f 760 metres. The-lak^ 
^is 309 metres deep, so that the total thickness 
of ice «nust have been over 1000 metres. 
The greatest depth of the Jake .-is moreover 
opposite Lajasanne, wheKe the thickness of the 
ice wouK* be at its maximum. 



Kio. 67.—Diagriiiu to illustrate the ^tiori of rivers and glaciers. 

A, A', Hard ridges; B. B’, B", .Softer strata; (J, C, .Slope of running water ; 
c , • 1), D, Slope of ice. ,. 


MorOoyer, the d^pth in proportion to its 
size is quite insignificant; Fig. 68 shows the 
height of the mountains, the thickness of the 
ic6 at the time of its greatest extension, while 
* the dark line below gives the relative depth of 
the water, showing that after all th§ Lake of 
jGrene>a is really but a film of water. 

apThore are, howevea*, strong reasons against 
regarding glaciers as the main agents in the 
formation of the great Swiss and Italian 
lakes; find Swiss geologists are not genSially 
disposed to accept this as a sufficient ex¬ 
planation. They adfnit that glaciers grind and 
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smopth the rocks over which they pass, »bu.t* 
deny that they effectively excavate, 

The ,Lake of Geneva* 375 metres above* 
^he «ea, is over 309 metres deep, and if, we 
allow for the accumulation of sediment, its^ 
•real b'bttom is probably below the sea level. 
The Italian Lakes are even more remarkable. 
The Lake of Como, 199 paetres above tljie Sea, 
is 414 metres, deep. Lagq Maggfore^ 194 

above the Sea, is no leis than ,*65 5 
metres deep. * • 


9 

ZW 
« , 

Z9^ 

719- 

96V 

1 
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« 

i 
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300 



Water-level/ 


Fiu. 68.—Diagram Section along the Lake of Qoiieva. Tlio dark line shows 
the relative depth of the water indicated by the flgurcs above. 

The difficulty thus arising, moreover, is n*ot 
so much the absolute depth, as the absence of *• 
relative ]5qight above the Sea, so that there 
would be no sufficient fall to carry off the water.. 

. Even if we suppose that the Sea came 
to fjyons, still the distance from Lausanne 
being 180 km., the 'Lake must have been 
raised ,30j0 metres to give even .a minimum 
fall of 2 per cent. ^ 

^ • 

^ Fore], Lc L4man. 
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\ in tKe vailey of the Khone the upper level 
of the ice had a slight but regular slope. At 
SchneestbcK the uppfer limit was at a height of 
35^0 metres, at Leuk 2100, at Morcles mear* 
St. Maurice 1650 metres. But at Chasseron 
on the dura the height is now 1410 meiJres, at - 
Chasse^al 1306, on the Ssyihvef.1330. This 
gives ^ slope of 2j-‘^tp 3. per cent only. Now 
in the '^present ^ Swiss glacier^s the slope is 
abo^^ 6 pei5 cent. That of the glacier qf..,,the 
•Aar, which is the least inclined, is 5 per 
ce^t. No doubt the greater the glacier the 
less is the inclination at which it can move. 
Still a slope of 3 per‘cent wquld seem quite 
inadequate. If, however, we suppose that the 
Alps had a relative greater altitude of say 
1000 metres |;he difficulty would be removed, 
and tlie glacier would have a sufficient fall. 

The^e ^and othen. considerations have led 
gradually to the opinion that while the valleys 
occupied by the Swiss lakes were mainly 
excavated by running water, the lakes them¬ 
selves are due to w change of level which has 
raised parts of the valleys as compared with 
•the river courses nearer the mountains. 

oProf. Heim has Suggested that the com¬ 
pression which elevated the Swiss mountains - 
and piled, as we hav6 seen (p. 66), more 
than double- the original weight on, this" por¬ 
tion pf the earth’s surface, led to the for¬ 
mation of the gre*at lakes. The mountain 
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mass thus concentrated on a comparatively, 
small area w^uld from dts enormous weight 
tend to sink somewhat into the softor magma * 
’'^jeloj's^, -^hich of course would have hdd in this 
respect the same effect as if the suri:t>un(ling 
• country had risen. The result would bt; to dam* 
up the river^and fill the valleys. For instance, 
in the Lake of Luceri\e thh bottom of ^e Bay 
df Uri is almost flat; it is evidently & river 
yallej^ which has been filled with water. * • 
^in fact, spe^Jking generally, the great ^wia* 
lakSs are drowned river valleys. 

The* relative subsidence of the mountains 
is no mere hypothesis. • 

There are, as we, shall see, strong grounds 
for believing that'the country round Geneva 
has been recently raised. 

• The o!d river terraces of the Beuss cefn still 
be traced in places along,the valley^ncv-r Zug. 
Now, these terraces must have originally 
sloped from the upper part downwards, that is 
to say, from. Zug towards Mettmenstetton. 
But at present the slope istthe bther way, i.e. 
from Mettmenstetten towards Zug. From this 
and other* evidence we conclude that in t*he, 
direction from Lucerne * towards Rapp,ersdprf 
.thefe has bedn an elevation of the land, which 
has dammed up the valley, thus turned* parts 
of thfe Aa, and the Reuss into lakes, and, as we 
shall s*ee, considerably changed the course of 
the river. 
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, Professor Bfeim has pointed out that 

fhere has been a conaparativel^r recent eleva- 
•tion, ev®n* since the commencement of the 
Glacial ^eJtiod, along* a line traversing ^ ther^ 
Lake of Zurich. This is shown by the fact, 
'that whjile the lower terraces follow the general , 
slope of the valley, the upper glacial deposits 
present'for some dis'Lanc^ a reverse inclination. 
M. Ae^pliin his recent work^ has described them 
in more detail. They are seen on both sides 
^vf tfie lake, between Horgen and WadenscL 
weil on the one side, and between Meilen and 
St^a on the other. They do not, however, 
exactly correspond one the two sides of the 
lake, because the zone of compression crosses 
the lake diagonally, cornmencing more to 
the south on the east aide. For the same 
reasoif, whiles the compression has on the east ’ 
side m^e the terraces slope towards the lake, 
on the west the slope is towards the hill. 
This curious fact was very difficult to account 
for, but is satisfactorily expUined by the 
«inversion of the ter^^ace. 

I had the great advantage of visiting the 
tefraces on the west of the lake under the 
gijjdance of Professior Heim, and looking 
across we could clearly see those on the east 
side also. 

Looking to other countries the case of .the 
Dead Sea is very suggestive. From the 

f 

* Beitr. z. OeoR K. d. Schw., L. xxxiv. 
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lower end a long depression lead*; soutliwtyi’cls ; 
it is evident tjiat.the Jordan once ran into tlie 
Gulf of Akaba and so io the Il^d»Sea, and* 
that a subsequent change of level *hhs created 
the Dead Sea, which has a depth of 39^ metres 
below the Ocean level. , 

The gre^t American lakes are also prob¬ 
ably due to differences df elevation. * Round 
Lake Ontario,^ for instance, there is d raised 
,beagh which at the western end «f thedake is 
•fio metres aljove the sea level, but rises 
wards the east and north, until near Fine it 
reaches an elevation of nearly 300 metres.* As 
this iJerrace must have originally been hori¬ 
zontal, we have hgre a lake barrier, due to a 
difference of elevaftion, amounting to over 180 
metres. • 

The '•next question which arises it? as to 
the age of the lakes, ^he valleys %ire now 
regarded by most Swiss geologists as pre¬ 
glacial, but the lakes themselves originated 
after the retr.eat of the glaciers.^ * • 

If these views are corsect the larger lake»^ 
north* oi* the Alps may be divided into three 
classes. * • 

Firstly, the lakes of the Jura,—Jihos^ of 
Nebch^tel, Bienne, and Morat, which occupy 
synclinal valleys. • * 

• Secondly, tho5e of Hallwyl, Baldegger, 
Sempach, Greifen, etc., which are moraine 

^ ®'snck, VergletScheruTig tier Deutschen, Alpet^ 
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^ak^, the d^nns at the lower ends being 
Aioraines. « 

Thirdly,'those of Constance, Ziirich, Walen, 
Zug^ Ludetne, Thun,« Brienz, and Geneva," 
which afe to some extent indeed dammed up, 
'but in which the lower ends of the valleys 
have risen relatively, and which are partly at 
least geotectpnic lakfes. , • 

Dr.'^F.c iC. B^orcl has suggested^ that this 
subsi^nce of the Central Aljps also throws 
light upon the former extension ;of the glac^rk 
The present snow - line is at a height 
of '^say 2600 metres. If we assumb the 
subsidence to have beoQ 500 metres (which 
seems the •minimum), and, suppose that 900 
metres have been since removed from the whole 
surface, certainly no exaggerated estimate, 
this wdiild briiig the snow down to thb present 
line of (»600 metres,which would involve a 
great extension of the Firn, and consequently 
of the glaciers. He considers that an 
cleisration of 900 metres would bring the 
^^laciers of the Bhon^ down again to the Lake 
of Geneva. The theory deserves^ ctireful 
study* but is open to the objection' that the 
(jlqcial j)eriod is no mere local phenomenon, 
but seems to have affected the whole northern 
hemisphere. 

In considering the gibat Italian lakes 
which descend below the sea level, one 

* £e Limani 
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suggestion has been that they are the sitps of 
the ends of^the ancient glaciers, and their 
lower ends are certainly* encircled* by giganticf 
moraines. We must, Imwever, rerhdmber that 
the valley of the Po is an area of sdbsicJence 
and a»continuation of the Adriatic, now.partiall;^ 
filled up stfid converted into land by the 
materials brought dciwn 'from the, Alps. This 
lieing so, we are tempted to ask whether the 
flower lakes at least may no*t be* the i^femains 
'of ^e ancienl; Sea which once occupied the 
whole plain. Moreover, just as the Seals of 
Lake ‘Baikal in Siberia carry us back to* the 
time •when that greart sheet of fresh, water 
was in connection, with the Arctic? Ocean, so* 
there is in the chdracter of the Fauna of the 
Italian lakes, and especially the presence of a 
Prawn iti the Lake of Garda, some confiftnation 
of such an idea. 

However this may be, the lower ends of 
the lakes have been dammed up by glacial 
accumulations. 

Further evidence, however, is necessary, 
beford -these interesting questions cqn be 
definitely* answered. 


x’he Color op^ the Swiss Lakf<s 

• Switzerland owes much of its,charm to the 
lakes, and the lakes owe thejr beauty in great 
measure to their exquisite coloring. .In this ' 
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respect i^ey differ considerably: the Lake of 
(Geneva is blue, but most of the Swiss lakes 
tire more c of less grenen, and some brownish. 
What is th4 reason of their difference ? 

T^e blueness is not due to, though it may 
be enhanced by, the reflection of the sky. 
Pure water is of an exquisite b],ue. Of all 
the Swiss la^es the Lak^ of Lucel in the Val 
d’Herins ie perhaps the clearest,^ and it is of a 
lovely*blue. « Various suggestions have been 
made to account for the green^color of some 
lakes. The most probable explanation appears 
to be that suggested by Wettstein, ana ably 
supported by Forel,^ namely, that the blue is 
turned into green by mipute quantities of 
organic matter in solution. Forel took water 
from several lakes and thoroughly filtered them, 
but thby retained their color, showing that 
it was nftt ^ue to par|iicles in suspension. He 
then took a block of peat, and infused it in 
water, thus obtaining a yellow solution. By 
addihg a small quantity of this to the blue 
•water of the Lake o_f Geneva, he was able to 
obtaiq a green color, exactly similar'to that 
of €he Lake of Lucerne. 

He r^sfers as a test «ase^to the sister Lakes 
of Achensee and Tegernsee in the Tyrol. The 
basin df the Achensee is free from peat, in 
that of the I’egernsee pesPb mosses cove» a 
large space. The, former is a brilliant blue, 

' Le a&man, vtA. ii. 
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th^ latter a lovely green. He fconclgudes, 
.therefore, with Wettstein that the bluest lakes 
are those which are th<? purest; ‘ w*hile greefi 
lakes contain also a rilinute quanliW of vege¬ 
table matter, or peat, in solution. 

This is, however, by no means .the only 
cause to ^vhicli water owes a green hue! 
Shallow water over, yellowish ^and is green 
*by the refleqtion of the yellow iight from 
, Jth^ bottom. Again, after storms th^;»water 
’*^is often rendered thick and turbid. After^ 
tlie ^oarser mud has subsided the finer im¬ 
palpable particles give the water a greenish 
hue,'* which,, however, is only temporary,^ 
though it may Icvst for some time. Finally,’ 
the water is s&metimes colored green in 
patches by microscopic algae. 

But*, though the blueness‘of lakes and 
seas is not owing to reflectioji <rom the 
blue sky, the brilliancy, beauty, and variety 
of tone and tints, the play of color to 
ultramarine** and violet, the constant ch'anges 
and patterns varying wth every breath of 
wind, €l]e life and glory and beauty,of the 
lakes are entirely due to the light of the s\ii\. 


The Beine or Blanofond 

on a fine, still dg,y, we look down 
the Lake of Geneva from some neighbour-* 
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water renders visile the gray or yellowish 
tint of *^;he bottom. • Such* a shallow fringe 
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or, margin encircles many of the ^wiss 
.lakes, and jnay be explained as follows: 
The waves gradually ^at awa;^ the bank* 
giving* rise to a small cliff and* falus ^(Fig. 
69). The loose stones and ^and are 
gradually rolled downwards, forming *a 
slightly incjined terrace (Fig. 69, K, M) which 
finally ends in a* stee^* slope. ^ This terrace 
*is known as ^ the Beine or BlancfbnS. The 
dej^th of the Beine depends* on i3y9,t to 
'which the wMer is agitated by the wave#;^ 
it* is less, therefore, in sheltered, and greater 
in exposed, situations. In the Lake of 
Gen^a it ranges • between 1 and 4 metres. 
It Mis into two .parts, the inner *(K, C) due* 
to erosion, and the outer (C, M) to deposition. 
The inclination of ^he outer slope depends on 
the nature, of the materials; tfie finer they are 
the gentler it is. , ^ ^ 

The ancient Swiss Lake Villages were 
constructed on the Beine, and this shows 
us how constant the level of the *gTeat 
Swiss lakes must have •been* for many ceifj 
turies “or even some thousands, of, years. 
Many o^ the lake villages belong to * tjie 
Stone Age, and ,the*» stumps of t)ie <piles 
on which fhey were built still remain. 

The platforms ^ could not, of ’ course, 
ha^e^ l?een constructed over, water more 
than at the outside 5 m^etres in depth, so 
that during this * whole? period the ,’Ieyel of* 
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yie Jakes must have been practically what 
it^ is now. Indeed,.the stru<;ture of the. 
Beine itself’shows that the level must have 
remained h](iproximately the same for a very 
long ‘period. 



QHAPTER X 


ON THE INFLUENCE OF THE STRAI’A'UPON 

SCENERY ’ 

The character of Swiss scenery depends 
mainjfy on denudation and weathering, iftodi- 
fied hy the climate, the character, the chem¬ 
ical “nature, the .height, and the angle of 
inclination, of th^ rocks. 

The total thickness of the sedimentary 
rocks h3,s Ijeen estimated roughly at 200,000 ^ 
feet, and as the whole pf this was ^^eposited 
in seas or lakes and was derived from former 
continents, we see how enormous the amount 
of denudation must have been, especially if 
we bear in mind that much “of it has been 
washed Mown and deposited, then raised and 
afterwards washed down again; some (tf it 
moreover several timea , ^ 

‘The principal forces which have disin¬ 
tegrated rocks are-‘-(l) Water; (2)*Changes 
of •temperature; ’ (3) Chemicaj actions; (4) 
Vegetation. 

* Many of the beds, however, are fiot represented in *Switeerland. * 



( 
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, Xhere* are •few rocks which are not more 
or less alterable by,® or soluble in, water. 
5t soaks«in and filters through innumer¬ 
able ^ crevices, dissolving some substanses, 
especially when it is charged with carbonic 
acid, anclr leaving others. It also acts mcchani- • 
cally, for as it expands wlien freezing, it 
splits up exen the^ tougliest rocks, if only 
there arc^ any crevices into >vhich it can 
enter, ' In (fry climate, therefore, . the 
slopes will generally be steep(er than dn a 
more rainy region. Even in the absence 
of water, changes of temperature have a 
considerable effect owing to the fractures 
which they produce by the successive con¬ 
tractions and expansions to which they give 
rise. 

These, however, though the principal, are 
by no IK cans the only factors in denudation. 
The roots of plants, for instance, have a 
considerable effect, insinuating themselves 
into' the smallest crevices and, as they 
.expand with 'growth, enlarging them by 
degrees. Yet, on the whole, the action 
of vegetation is conservative. It absorbs 
much of the rainfall, < and the formation of. 
torrents is thus greatly checked. Some of 
the French Alpine districts, and much of 
Northern Africa, have suffered terribly, and 
in fact been reduced almost to deserts, by 

the reckless destruction of forests. 

( 
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Different kinds of rocks ar<j vei*y differ; 
^ntly affecte4, by atmospheric influences, * 

Siliceous rocks are lidble to difeiateffration* 
by .weather; but, on‘the other* hand, the 
separate grains of sand or quartz * are* not 
only insoluble, but otter great resis^tance td 
mechanical ^ action. Water, especially if 
charged with car\)onig acM, can (^issolve some 
ISilica, but the^quantity is insignificant* 

, Qalcareous rocks are much more readily 
attacked. Tjiey generally contain som# 
alumina and siliceous nodules, which remain 
as a reddish clay with flints after the ’cal- 
careoTfls matter has been removed. 

Argillaceous rqcks cannot be* dissolved, 
but they are iii many cases readily re¬ 
duced to fine particles and then easily 
•removed^ .They generally contain so/ne cal¬ 
careous material, and ^^hen this ^ is> washed 
away, pores and hollows are left which let 
in moisture. Even when compressed into 
Schists they, often yield to the iiifluendo* of 
moisture, and if suflficieyntly Saturated sink^ 
into the* form of mud. 

Along* the sides of valleys calcarc'oqs 
^ocks often present steep, even vertical, ^ces 
(see Fig. ‘44, Valley of Bienne). Sand¬ 
stones and Granite^ are generally leiSs bold, 
and* mojrly beds ' assume still. more gentle 
slopes. The behaviour of qrgillaceous beds is 

more dependent oh circmnstances; if they are 

1 ^ 
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fairly dry they bear themselves well, but if 
tliey become wet they* arc very perishable. 

So valied are thfe conditions that every 
• moup-tain, even if the top only is visible, 
has a character and individuality of its own. 

“ Le profil de Thorizon,” says Amiel, “affecte 
toutes formes: aiguilles, fi9.ites,i creneaux, 
pyramides, o.bdlisques^ dents, crocs, pinces, 
comes, cOapoles ; la dentelure, s’inflechit, se 
redrcMe, se ®tord, s’aiguise de mille famous, 
iLiais dans le style angulaira dcs sierras. 
Les massifs inf(irieurs ct secondaires prd- 
sentent seuls des croupes arrondiee des lignes 
^ fuyantes et courbes. Les Alpes sont 'qu’un 
soulbvemeilt, elles sont un de^chirement de 
la surface terrestre. Le granit mord le ciel 
et ne le caresse pas. Le Jura au contraire 
fait comme le'^gros dos sous le dome b,ieu.” 

Not eon,e of these varied forms is ac¬ 
cidental. Every one of them has its cause 
and explanation, though we may not always 
know what it is. » 

The same configuration will of course look 
ver^ different from different points of view. 
What seems like a sharp point is often the 
enddof a ridge. The sedimentary rocks of the, , 
northern ^ps (Rigi, Pilatus, Bauenstock, 
Sentis, Speer, etc.), often’slope up gently to 
the summit, and then drop away suddenly im a 
steep cliff*, frequently broken into a succession 
^of steps which are ifendered conspicuous by 
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lin^s of snow. They give therefore what*ha^ 
been happily, called lyy Leslie Stephen a 
desk-like form (Fig. 84), presenting broad,* 
gently inclining plateilux, ending suddenly 
in a steep, almost perpendicular, precipice^ 
which* towers like a wall over tho valley. 


such as the-,Diablerets, Wildstrubel, Qadmer- 
fluh, Claridenstock; Todi* Vorah;, Balmhorn, 
f)oldenhofn, BJumlisalp, etc., 

such districts still further* denu^sJtion 


gives»rise to •ridges terminating in towei^ 
and teeth, sometimes of terrific wildness, as 
in the Engelhorner, or in the chain of the 
Gspalt*enhorn., Thn * calcareous Alj^s are 
also cliaracterised by the numerou*s terraces, 
bands, pillars, and cornices. The j)rccipices, 
as for instance on the Jung/rau and the 
great 'WHll.of the Bernese Obdrland, some¬ 
times reach 2000 metres.-* 


We might at first be disposed to antici¬ 
pate that from their hardness and toughness 
the Crystalline rocks would be less liable 
to denudation than th» calcareous. And' 


in a 'sense this is true. In consequence 
however of these very qualities the draiiiago 
Jn Crystalline districts *is mainly superficial, 
»while in calcareous regions much of the 
rainfall sinks into ^thh ground and is carried 
off •By, subterranean passages. Jn our own 
country we know that the, chalk uplands, 
though cut into along the margins by deep 
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combes, Sire seldom intersected by valleys, and 
almost all our railway lines leaving Londoiji 
'have be%n‘ compellted to tunnel through 
the, Chafe! So alsb in Switzerland tthe 
calcareous strata form long continuous ridges, 
of which the great wall of the Bernese • 
Oberland is a marvellous example. 

Another .reason * for .the extremely bold 
character* of the calcareous ^mountains is 
that^ ^uch strata are extremely stiff,^and 
^here argillaceous rocks wquld gradually 
bend, they break away and thus give pre¬ 
cipitous cliffs. 

It was at one tim!C supposed thao each 
kind of rbek gave its owp special mountain 
form. Such was the view,” for instance, even 
of excellent observers, such as L. v. Buch 
and A.* v. Hiftnboldt. 

It yoijd, however, be quite a mistake 
to suppose that particular contours always 
indicate the same kind of rock. On the 
cotiJrary, we find the same forms in different 
* rocks, and different forms in the same de- 
scriptiion of rock. They depend greatly on 
the hardness of the rock, and on the angle at 
which it stands. Thus tojver-like forms occu^ 
in Granite, Amphibolite, Sandstone, Con-, 
glomerates, Hochgebirgkalk, Dolomite, etc. 
The desk-lifee form which“ is so frequent' in 
calcareous strata, (see, for instance. Fig. 70 
on tha right hand side) occurs also in some 
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districts of Gneiss or of Nag'ilflue?, as^, fo^; 
instance, at tjie Rigi (Fig. 84). On the oth^r 
hand, the same rock may give a vfery different* 
landscape. Thus Gin,nite ofteh* assumes 
rounded outlines, but often also gfves ’wild 
• ridges of teeth and needles. , * 

Gneiss siimir^ts with gently inclined beds 
are less steep anddcigs dbinted, ;while calcar¬ 
eous rocks if hard and sfeeply incliiied*assume 
.not pnly wild but grand outlineo. The Eiger 
is pea-haps the finest type of a calcareouar 
mountain. 

On the other hand, in any given district 
similffir geological strifcture will generally give 
similar scenery. , 

As a rule steeply inclined strata produce 
bold outlines, while those which are more 
•horizont’hl give a tamer scenery.’ • 

Still, where the roc^s are very v^sistent, 
and denudation has been great, even hori¬ 
zontal strata may give very bold forms; of 
this we have a remarkable instance in the Mat¬ 
terhorn, a mountain left between two valleys*, 
where’ tfie strata are but slightly inclined, and 
yet owing to their position and hardness ^i\re 
^8 the boldest and stoepest mountain of*the 
. whole chain. In districts of the softer rocks 
we naturally miss i^e bold, steep prfccipices, 
the* jagged ridges, and nobl^ peaks, and 
must content ourselves wjith smiling land¬ 
scapes and gentle undulations. 
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, Anotker rfsason which affects the landscape 
ih districts of sedimentary and Crystalline rocks 
4s that the former crumble away more rapidly, 
and thus*ifiore quickly lose the rounded sur¬ 
faces du^ to ice action. Thus, as we ascend the 
Valley oj^ the Keuss, where we leave the "softer 
strata and enter the district of Gneiss, we also 
commence a j^cenery"of kjpiolls rounded by ice. 

In dalcareous districts “weather terraces’ 
forme a special feature (Figs. 44, 45). They 
^je (iue to a succession of roc]j;s of different 
hardness and toughness, so that some strata 
weather back more quickly and take a gentler 
slope than others. Crystalline rocks are gener¬ 
ally more homogeneous, weather more evenly, 
and consequently present mof e regular and con¬ 
tinuous slopes. The Bristenstock, for instance, 
which towers <)ver the Reuss, is a beautiful ex¬ 
ample. oFor a height qf 2500 metres it presents 
an unbroken slope at an angle of 36°. Weather 
terraces are particularly conspicuous in certain 
lights, and especially in winter, when there 
is snow on the gentler slopes. Even in 
summer, however, the contrast of vegetation 
is 5ften striking, some lines being marked 
outjby luxuriant grass > or bushes, while others 
are comparatively bare. On Granite or Gneiss 
a good mountaineer can go almost anywhere, 
while in mountains of sedi&entary strata he 
is stopped from tinje to time by an impassable 
precipi^. 
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On the whole, when seen frcim a •distance^ 
the forms of^ the sedimentary mountains a/e 
more marked, more broken, and* %o to say,* 
mojre individualised. 

The central Crystalline “ massivs ^ present 
very •different forms. The desks, ^terraces; 
pinnacles, %nd cornices disappear, and we 
have noble pyramid^ The ridg^, m'oreover, 
tire more jaggjed and sdrrated. nig 7t) shows 
the contrast oi a jagged Gr/stalline ridg« and 



Pm. 70.—Bi<lge of the Ganll. Profile of the riilge from the Biichlistock to the 
lluhnet stock, showing the jxwiks of the granite rock anil the Uosk-like 
slope of the calcareous strfflta forming the Huhncrstock. 


the desk^like form of the calcareous ^trata on 
the right (Huhnerstock)'* 

In the splendid panorama seen from 
Bern the Cry^stalline mountain peaks (Fins- 
teraarhorn and Schreckhorn, Breithorn* 
Tschiagelhorn, etc.) can readily be dis¬ 
tinguished from the calcareous moijfntains 
(Blumlisalp, Doldenho^, Aletsch, etc.). ^Thfe 
difference of charsfeter is also well ‘seen as 
we ascend the valjey of the Reuss from 
Fbiellen to Andermatt. 

Oil the whole, the calcareous‘chains of the 
Alps are wilder, thp Cry^alline grande?. 
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, T’ypicJ&l Giaeiss often gives gentle rounded 
dbtlines. On the other hand, ^ericitic Gneiss 
'and MicaioSfehists, which often closely resemble 
Gneiss, show generally great readiness j to 
fracture dn sharp, knife-edge ridges, and very 
wild ifperhaps less sublime forms. ' The ^ 
Bernese Oberland owes both j,ts great average 
height and the variety its scenery to the 
combin’ation of Gneiss with calcareous strata. 

_ , c 

The • Consequence is that it does not ibrm 
^an uniform range, like the Pyrennees, xbut a 
succession of individual mountains, present¬ 
ing*^ some of the noblest forms. In this 
district the Gneiss is inverted over the 
secondary' strata, which jt thus serves to 
protect. The result is th^t the weathering 
forms of both strata come into play, and 
thus produce endless variety. 

Gran‘^e,is regardod by poets as peculiarly 
resisting, and it is described as 

Stem, unyielding might, 

Enduring still through day and night 
Rude tentpest shgck and withering blight. 

As^ a matter of fact, however, granites, 
k rule, are very susceptible of disintegra-, 
tioDi Granite mountain^ tend to gentle. 
rounded, and massive forms. 

Rain’, and especially *wa.ter charged with 
carbonic acid, acts on Granite profoundly. 
In many quarries where it looks solid enough 
it wiir, be found to be disintegrated to a 
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considerable depth, and even changed .into 
a loose sand. This is‘due to the.Felspaf; 
the alkaline salts of sOda and jfotnsh bein^ 
de9omposed by the (?Rrbonic acid, leaving 
the Silicate of Aluminium, the Mica,* and the 
Quartz. It seems at first inconsistent witfi 
this that Granite ridges are often peculiarly 
jagged, but in such cases fhe Granite is steeply 
inclined, and i^he debris* are^ removed as they 
.fornn • • • 

Ii]» other oases Granite shows a tendenej^^ 
to* weather in flat, convex shells, and to 
split vertically in two or often three difie*rent 
directions: itj. is divided, moreover, into hori¬ 
zontal layers at mgre or less regulaCi’ intervals, * 
thus forming rh6mboidal blocks or pillars. 
Granite possessing* this structure often as- 
-fsrmfies Y^ry, bold, wild forms. ’• * 

Protogine, though sp similar jto%granite, 
generally gives a different scenery. It breaks 
up more readily into Aiguilles, and the strati¬ 
fication is -more marked. The vertically 
structured Protogine of the Mont Blanc ranged 
for instance, has a different aspect fropa the 
chains wmich are composed of true granite.* , 

^ The “ Aiguilles,” ft)rmed by Crystalline 
. Schists, as ’for instance in the Mont Blanc 
district, at first «ight resemble dolomite 
p^h^ .The transverse lines, ho^yrever, are not 
continuous, and the summits are even more 
pointed, though in many cases, as, ,f<>r in- 
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stance, t^e Aiguille de Charmoz, what seems 
d pointed needle is« realljr a .long, narrow 
'crest. 'Shb materials are among the very- 
hardest in "^existence. 

Hornblende schist is sometimes quite pale, 
Sometimes very dark. It often becomes > 
reddish by decay of the ^ferrosilicate, so 
that rnany, mounfkins„ ©f this rock are 
known‘‘aai the Rothliorn, Rothfluh, etc. It 
forme® bold,* sharp ridges, and torn, ^wild, 
pointed peaks. ^ 

Porphyry, though rather rare, forms an 
extensive bed in the neighbourhood of Botzen, 
occupying an irregular* strip, running from 
north to srmth, some 40 milps long by 12 wide, 
through which the outlet of the Adige has been 
cut. The great rounded walls of duU purplish- 
red rodk, clotiied in many places with brush 
wood, qfid^supporting large upland plateaux 
of the richest herbage, produce a scene of 
singular luxuriance and beauty, especially 
wbeh their tints are heightened by the 
^glow of the settingcsun. Beautiful as they 
are at all times, there is then something 
ajnlost unearthly in their splendour'; and no 
one, whp has not made ap evening journey 
from Meran to Botzen, or from the latter 
place by the gorge of the Kuntersweg, 
knows what, treasures of color the Alps 
can afford. 

Dolomite ie^a'm^esian limestone. The 
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aspect of Dolomite mountainB has beei^ 
most aptly .pompared .to ruined masonr^, 
and it is often difficult to* believe that* 
th^ summits of dolomite peaks *afid ridges 
are not crowned by crumbling tower^, castles, 

, and walls built by man. , * 

A square^ columnar formation is character¬ 
istic. The whole • of thft face §hows trans¬ 
verse and vertical marking, the *ra*hsverse 
Jines^ running more or less *contin1iously 
acros% the wl^ole. “ The jagged outlines 0^0 
thd crests form a principal feature for 
their ‘recognition. The outline is usifally 
“ embattled,” to borrow an expression from 
heraldry. 'rhe ^ colors are marvellously 
beautiful—cream 'color and gray predomin¬ 
ate, but not to iihe exclusion of others. 
JLom the glow of sunset thej* are ’almost 
unearthly.”^ , ^ S 

The Upper Jurassic gives valleys a very 
characteristic aspect. It assumes a steep 
slope of from 40° to 60°. If the incliaa- 
tion is not above 45° it becomes covered withr, 
vegetable soil and often clothed with fir; 
but the steeper slopes are bare and aHcf, 
and are known as^Ch^bles or ravihre^ giving 
Tan* aspect ’of ruin and desolation, forming 
often a strong contrast with the brilliant 
vegetation below. * ^ 

In* calcareous districts the surface is 

*» * 

^ C. T. Dent, AfoiAUaineeriilg, Badminton Libr^ry^ 
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soin,etimfes cpiite bare and intersected by 
ftirrows attaining a depth of several, some.- 
•times even ks much a!S 30 feet. Such districts 
are known as “Laph^es” or “Karren.” A 
good illustration is to be seen above the 
notel at, Axenstein on the Lake of Lucerne, i 
where a portion of the rocjc has been un¬ 
covered! Another fs at, the Kurhaus on the 
Brunig! dlollier refers to a gi;pat erratic on 
the fjkpicS of* Bonjean near Bienne, which has 
;'<protected the rock below it, so that it rests on 
a flat surface in the middle of the lapi4. The 
Hofile Stein near Donanne is another case of 
the same kind. ® 

The Lapi^es or Karren are extremely barren, 
but the rock generally contains some small 
percentage of clay, which« is washed into the 
hollow§ and supports some scanty yegetatios*. 

The.dFlysch gives- gentle uniform slopes. 
The Nageiflue, in the familiar case of the 
Rigi, is an illustration of the desk-like form, 
with a steep escarpment towards the Bay 
.•of KUssnach ‘and «, gentle slope following 
the ipclination of the beds from the Rigi 
R^iflm to the Schiedeck. In other cases 
theo Ng-gelflue gives® a very complicated 
relief, sometimes forming mountain knots 
from which valleys radiate in all directions. 
Deep gorges,, with perpendicular, almost over¬ 
hanging, bellied walls, and abrupt termina¬ 
tions ^so frequently occur in Nageiflue dis- 
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trigts, as for instance to the north of the ^/akc 
pf Thun, on tjie Speer, and elsewhere. * 

Glaciated regions present us tvjo totall}'* 
distinct types of scenety: a centrM* or upper 
of bare barren rock with rounded * outlines 
(Fig. *32), and a peripheral ring of debris id 
scattered he^ips ^nd long mounds. 

These morainic deposits giv,e a peculiar 
character to ^ the scenery : the ooimtry is 
.diversified and irregular, thrown -into c(7n^used 
heapgfc and depressions, which, as the lowejs^^ 
or* ground moraine is very impervious, often 
contain small lakes. They occur especialfy in 
well-A^atered districts,* and the rich network of 
rivers often take v,ery devious courses. Desor ’ 
has happily characterised such a district as 
“ un paysage morainique.” 

The ’gcetnery is again affecfod verj" much 
by different strata in ponsequen^e ^f their 
influence on streams and springs. For in¬ 
stance, in a country of hard impervious rock 
we have numerous little runnels which gfadu- 
ally unite into larger anA larger streams. On, 
the cdnfrary, in a calcareous district, especially 
if fissure^d, we find, as for instance in phrfs 
the Jura and, elsewhere, large .districts 
. with very 'few streams, and here and there 
copious springs, where the water is brou^t 
to *t|^e . surface by some moije impervious 
stratum. A glance at apy geological map 
will show, for instance, that the districts* 

7 , 1 
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Occ\|pied* byf the Upper Jurassic rocks .are 
e^specially waterless, ^ere being, many square 
'iniles witho'ut even tHie smallest rivulet. 

The distribution of*feprings naturally ajffccts 
that of villages. Thus in several of the valleys 
bf the Jiira we find a row of hamlets 'along • 
the outcrop of the imperviouScPurbeck strata. 

The influence df diflferent rocks upon 
vegetatioi? is another way in whj-ch they affect 
the ^"hractcF of the scenery. The principal, 
"Contrast is between Crystalline «,nd calcareous 
strata. 

Cargneule gives fertile pasturage, as do 
the Lower and Middle? Jura owing to the 
quantity of Marl they contain. 

The Cretaceous rocks furnish sweet but not 
abundant herbage, and th» Lias is but moder¬ 
ately f^ourabfe to vegetation. The Urgonia*^ 
districtsf ai;e arid aii barren, and can be 
distinguished even at a distance from the 
Neocomian, which bears a luxuriant vegetation. 

<Flysch supports a vegetation, vigorous 
Jndeed, but of comparatively little value; the 
slopes ^generally bear dry grass and lieather, 
wjiile the flat ground is marshy. 

Morapies often beasr hi^gh Alpine plants.^ 
not so much from any peculiarity of soil, as 
because of its coming froni.the heights. 

Screes are ^ generally bare from the con¬ 
tinuous^ movement,, which does not give plants 
•^•time to ^row. 
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Rockpalls 

falling stones constimte one of Ulife greatest 
dangers of the Alps. Tyndall was •injured, 
.and Gerlach killed by one. Many ^couloirs* 
cannot be ascended without much risk, and 
the ancient passage^ up» Mont Blaiic, first 
discovered by Balmat, hiis been atandohed for 
another longer, but safer, foutc» Mun^ of 
Ihe peeper valley sides, as, for instance,*, 
those between Martigny and the Lake of 
Genevk, are furrowed by stone streams, which, 
like those of water, j> have their collecting 
ground above", their regular channel, and a 
cone of deposit below, which, however, stands 
at a steeper angle ,than that of a torrent, 
j^lany rcckfaces have a continuous talus or 
scree of fallen stones at the base, whioj[^ takes 
an angle of about 30°, and in some cases has 
almost climbed up to the summit. Along the 
valleys of the Niremont—Pleiades wlli«h 
abut on the Lake of G^eva Rt Montreux, 
the debris from the two sides meet in the 
middle, afid attain a great thickness. ’ One 
of the finest examples# is that at the tpot 
"of the Diablerets, which rises from^ 2035 
metres to about 240(^metres.^ 

The Glarnisch ’is nearly sunounded by 
rockfafls 'on its northern and eastern sides. 

4 * • • 

^ Renevier, Beitr. 2 . Oeol, d. Sc\w., L. xvi.-* . 
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arfe mostly of interglacial age, and to 

dne of them the Klonthalsee is (Jue. 

‘ In thtt. debris of tockfalls the edges of the 
stones remhin fresh and angular, on many of 
them the surfaces show marks of blows, 
rubbing,c.hollows, and impressions, where they, 
clashed against one another during, the descent. 
They lie in,wild ednfu^on, large and small 
together, ’from fine dust up to rocks larger 
thar^ 'a house. In some cases the originally 
loose materials have been,, subseq,uently 

cemented together into a breccia. The 

surface is very irregular, and often contains 
lakes, as, for instance, at Sierre in the Valais, 
and Flims*on the Rhine. 

The rockfall of Goldau from the Rossberg 
which occurred in 1806, which has been figured 
by RuSkin,^ is well seen on the St. Gotthar^l 
line, be^e^en Lucerng and Brunnen. 

Even more destructive was that of Piuro 
(Plurs) in the Val Bregaglia in 1618. After 
heavy rain a great part of the .side of Mont 
Conto fell suMenlj^ into the vaUey, and of 
2000 ^inhabitants very few escaped. ' 

, ‘At Flims (“Ad iiumina,” so called from 
thei.nuipber of springs and streams) the road 
rises far above the Rhine and passes over jm." 
ancient rockfall, the greg-test in all Switzer¬ 
land, far surp^sing that of Goldau. It blocked 
up the valley, thus forming a lake, and the Rhine 

^ Modern Painters', vol. iv. 
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has not even yet cut completely thVoug]i it. 
The debris ri§e to a height of 700 metres on 
both sides of the river. • They coilsiftt mainly* 
of «Malm interspersed however with blocijs of 
Dogger, Verrucano, etc., and fell from the 
. Flimserstein. The fall appears Jbo have 
taken place .between the first and last great 
extension of the glaciers*. As jn all rock- 
falls the surface is very uneven and in 
^he Jiollows are several beautiful *l^kes. 
The isolated .eminences in the valley below" 
Reichenau ape probably portions of another 
rockfall. 

Anlong ojbher grfeat rockfalls may be 
mentioned those pf Antrona PiaAa on the 
26th June 1642, ^hich destroyed the Parish 
Church and many bouses, causing also much 
Imm of life; those of the Diablerets in 1714 
and 1749, of Montbiel i^i Prattiga^i Iji 1804, 
and the Dents du Midi in 1835, and that 
of Elm in 1881. The pretty little lake of 
Chbde, on the road between Geneva ’and 
Chamouni, was filled up by *a rockfall in*, 
the ye&r*1837. , 

Nor must rockslips pass altogether linr 
xjjentioned. Sometjime£? the movement is oon- 
•tinfious, though very slow. In the chains of 
the Gumfluh, betwecia Chateau D’Oex on the 
Sarine^ aijid the Diablerets, which ^re composed 
of hard calcareous rock on,which vegetation 
establishes itself with difficulty, the eoije of 

‘ R 
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telug descends slowly towards the valley 
afmost like a river. ^ , 

Again ^ at Soglio In the Val Bregaglia a 
mas^ of detritus which has itself fallen 
from the steeper precipices, was for a long 
time, and probably is still, slowly moving > 
downwards. The firs which, grow on it do 
not stand upright, but «rdss one another at 
various ailgles, some being almost prostrate. 
The Irdcks below (Gneiss and Mica Schist) are. 
‘inclined so that the edges retrrd the move¬ 
ment, which would otherwise be.quicker and 
more dangerous. 

Theobald tells us that" in the sumnier of 
1861, at the time of the melting of the snow, 
he was on a geological excursion near the 
Schwarzhorn in the Grisons when he gradually 
became* awar^ of a strange roaring arid crush 
ing nois^ a]J round hiiu. At first he paid little 
attention to it, but he at length found that 
the whole surface on which he stood was slip¬ 
ping downwards. He escaped as quickly as 
che could, but the movement continued, and 
about,a quarter of an hour afterwards a great 
mass, 20 to 30 paces in length, precipitated 
itseif over a precipice.^ 

* Favre and S., Beitr. z, GeoL K. d. Schw., L. xxii. 

“ Beitr, z. Oeol. K. L. il. 
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^ Earth Pyramids 

Whenever we have a’ deposit qf jeompara- 
tivSly loose material with hard b4)cka> or 
layers, there is a tendency to form earth, 
pyramids, owing to the looser materisU being 
here and there •protecte<^ by a more, or less 
tabular block of Haiti fjubstance! Th^ most 
remarkable assemblage of su?h earth* pillars is 
«ear JClobenstein, in the valley of the Kja^zen- 
ba(jh, iiear Boteen,^ described and figured by* 
Lyelli that of Useigne in the Val d’Hqrins 
is another classical example. 

* * Prin. of Qeol, vol. i. 
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The Jura forms a curve somewkat resembling 
tha1;of the Alps, trending at first N. arid S., 
and subsequently S.W. and N.E. 

It falls into two well-marked divisions, the 
Tabular Jura and the Folded Jura.^ 

Tabular Jura 

The^'Tabular Jura consists of two com¬ 
paratively small tracts, one to the N.E., the 
oth^r to the S.W., which have escaped 
cofnpression, ^nd consist of approximately 
'“liorizontal strata. 

Jn.Fig. 71 the ancient mountains of the 
Black Forest and the Vosges are shown on 
the‘N.E. and N.W. Between the two dotted 
lines is the area of subsidence now forming 
the valley of the Rhine, s ^The Dinkelberg is 
a district south of the Black Forest, which 
has sunk to sonno extent, but not so much 

i. ‘ 

, ^ Muller, 3eitr. s. Geol. K, d. Sehw , L. i. 
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as the Rhine valley. *Tfie Tabular* .lura of 
Aargau lies south of thp Dinkelberg, and* the 
Elsgauer Tabular Jura isouth of •t^e Vosges? 
Between them, south oi the Rhine? f alley, the 
Jura is thrown into a succession of foMs. * The 
.ancient crystalline rocks of the Bla^k Forest 
and the Voices are probably continued under 
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Fig. 71.—Environs of llftsel. l=:l,Qp0,100. 


the JifraSSsic strata 1b the south, and, as^MUlh- 
berg suggests, may have protected them from 
being folded and contorted as they have been 
further to the south. It is interesting as con¬ 
firming this view th^t the horizontal character 
of* the strata ceases opposite the^sunk area of 
the Rhine valley, and the foldings there reach 

northwards to the edge of tt’e valley. 

^ » 
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At the line of con¬ 
tact of the “Tabular 
Jiira” with the 
Folded Jura, the 
latter are generally- 
thrust more cr less ^ 
over the edge of the 
^. tabular strata, as 
shown in the figure 
72, which represents 
the junction qf the 
two at the Botzberg 
I tunnel” near Lrugg. 
y Fig. 73 gives a 
I section of the Wan- 
I ncnfluh, the moun- 
^ tain on the east of 
^ the cluse which lead« 

3 from Balstatt to 
« Oensingen between 
K Soleure and Olten, 

I and it is evident 
that the strata to 
' tlie south ha-v e been 
thrust somewhat 
over those to the 
north. ‘ 

This “ Zone de 
recouvrement,” aa it 
is termed ’by the 
Swiss geologists, is 
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shown by the belt marked with cross-lines 
in Fig. 71. It extends,from Meltingen (S.S. 
of Laufen) by Rei’goldswil, 01tingen,iind Botz-» 
besg, fo near Baden m Aargau. • The over¬ 
thrust indicates that the pressure caSne from 
the south. 
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Fkj. 73.—Sectio» across tli# Waniicnlluli. 


Folded Jura 

The Foldq,d Jura is thrown into some* 160 
undulations and about fifteen main fold^i 
nearly* paraller CoTfffi' aiiother. These how-* 
ever do flot extend the whole length bf the 
district; they are most,numerous to the S^W., 

^ wliere there are ’as many as tweiVe, but 
gradually coalesce ^wards the N.E., others 
fronl time to time making their appearance, 
but still* the number gradually diminishing to 
a single anticlinal, whic,Ji 'c*rosses the* Reuss ^ 
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forming* tlieo Cluse south of Brugg, and 
filially disappears at Kegensberg, to the 
•north of Zurich. *■ 

The fSlSs of the<^ eastern Jura are 4he 
most intense, while those of the west again 
Surpass those of the centre. In all cases the^ 
amount of compression is approximately the 
same—about,, 5000 iiietre»} the folds increasing 
in intelisity as they diminish in number. 

Tiis subdivision and reunion of ^ folds 
-which is so clearly visible in the Jura, is 
frequent also in the Alps, and indeed' in 
folded chains generally. 

A glance at any 'niap will show that 
the Jura ® is a succession of hills' and 
valleys, running approxiniately S.W. and 
N.E. These ridges and depressions are 
mainly" due to compression, and to the e«R 
sequent,* undulations ,of the strata, as shown 
by Fig. 71, giving a section from N.W. to 



S.E. a little south of Porrentruy, near - tjie 
remarkable turn of the River Doiibs and 
crossing both strfetches of the river. It will 
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be seen that the valleys are syncliftals, ^and 
.that in the yalleys the» action of water hS,s 
been but slight. • 

•The next figure (Fig. 75) represents a 


T, de Belemoat 


Ch. de.Tellont 
L« Hont 


M. de 
Meatier 


V. de 
Meatier 


76.—Section from the Valley of D^leiiiont to that of Moutror. 

section across the Mont de Moutier, from the 
Valley of D*(51emont to that of Moutier‘and 
we see that some of the highest ground is a 
syncllhal. ^ • 

Figure 76 gives a case of two neighbour¬ 
ing valleys, one of which (Le Lode) is a 
ejifirclindli, the other (Entre-Deux-Mdints) an 
anticlinal. 


Sur its Mo$t{s 



Tin tre-dtttx-Afitfiis 
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, Fig. 77 represents a section of the Vuache. 
K will be seen that the Vuache 4s the half of 
tin anticlinal, the western part having subsided 
about m. The®Ehone runs along the 

fault. In this case the fault is nearly vertical, 
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Pig. 77. —Section acroajT the Vuache. 

t * 

but m pthers one side is thrust more or 
less ov6r ‘the other.^ In the Jura, faults 
generally, but not always, betray themselves 
on the surface. 

. *^rhe Salbve«(Fig. 78) , which ferms such a. 
‘bonspicuous object at^^exbvlT, is ah afeh^ frac¬ 
tured nt the summit, and steeply inclined to 
the N.W. 

Whilh most river valley^ being due mainly 
to erosion, slope to one end, the valleys of the 
Jura are so entirely the result of geological 
causes that they are sometimes horizontal, or 
even lowest in thebanldle, and in several cases 

r 
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closed at both ends. I'he result is that they 
are often dry^ valleys, oi* contain streams run¬ 
ning from the two ends towards the^^centre. 

ffhus between Biel » 
and Deldmont we have }i0 ^ * 

, the \5al de St. Imier, ^ 
in which ^he ^Suze, % W if 

running to the ^*1 

\neets the, stream ■ 'thiJM/W/ 

, which comes down the 
Com^ de P^y, and 
thb two together find 
an exit through the *1^ 55 * 

Cluse^e P^ry to Biel.* ^ 

A litfle nortli is the I i f 

ValdeTavan nes,where j \/<)§ / a 

again two streams, one // 

;fr»«i tlfe ,N.E., and H ^ o 

the other, the Birse, _ /i. 
from the S.W. meet 
at Court, and find an ^ 
exit northwards by • 

TTPmitiei: to Ikldn^o nt. ^ 

Thevalle^of Del4m<mt ^ 
itself is another case. • 

Two streams, one from -• 

, tLa east, aiiother, the 
Some, from the we?!;, 
meet the Birse dear s ^ ^ G 
Deldmont, and run 
through another chise to»the*N.E. , 


/M»-/ 

M 
// ^ 


<5!: 

& Ok 

I • 




Fio, 78.—Transverse Profile of the Petit Saleve. 1=25,000. 
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c The Jura ds thus crossed by four principal 
ttransverse valleys or eluses. 

The hpngitudinal • valleys were probably 

W. ‘ ^ jj 

Rheis StJakob 
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Euungen Elein-Buel 
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Salz;442ft. 
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Jfio. 79.—Section Across the Rhine Valley. 
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PiQ. 80.—Section across the Rhihe^j^alley at Basle. o 

filled at one*’ time by mollasse, ami some 
perhaps formed lakes, as,»for instance, the 
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flat plains near Pontarlier, Del^raont, tli§ 
Val St. Imief, etc. Between Del^mont 'aii^ 
Soleure are several ridges, which, are cut^ 
thiough by the “ cluses ” of th^ iBirse and 
the Some. If we imagine these * cluses ” 
abolished, the result would be to fopm lakes f 
these would, gradually fill up, and eventu¬ 
ally run over whwift^thef “ cIusqs ” now are, 
which would thus be* re-excavated* This 
,throws light on the cases, not otherwise* easily 
explioable, wbpre in neighbouring and parallel ■ 
valleys the streams run in opposite directions. * 
The valley .of Etraches, for instance, N.S. of 
PontfiCrlier, runs parallel to that of the Doubs, 
but the Etraches runs from N.E. to S.W., the * 
Doubs from S.W’. to N.E. Nay, the Doubs 
itself, after running north-eastward to St. 
JQwann^^ between rocks 250 to 300* metres 
high, makes an extraordinary turn.^ Sts course 
so far had been in the main to the Js.E., but 
at St. Ursanne it turns to the W.S.W., en¬ 
closing a high ridge (Fig. 74) known ai the 
^os ^ ^ 

Thfe valley of the Bhine from Basle north¬ 
wards is of comparatively recent origin) bcfing 
iiue to a subsidence which has separated, the 
. B15.ck Forfist from the Vosges. Just south 
of Basle the anhydrite beds which at Bet- 
tingep are 400 metres above the sea level, 
have sunk at Hiinningen to, 600 metres below 
it, a drop of lOOO’metres in*about*five,*miles. • 
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, At Stt Jacob, near Basle, the section is as 
iff I^ig. 79. Further north the sinking is more 
profound,^ and the sti-ata are fractured (Fig. 
80). ^ At ‘Kandern the depression amounts to 
1500 metres. 

* The sinking of the Rhine valley near Basle » 
was no doubt a slow proces^s. Jt probably 
began in the Jllacial'perie^',"’before which time 
the wh61e^drainage of the country must (see 
antei, p. 192)diave been entirely different from , 
^ the present. 

The eastern boundary of the Rhine valley 
subsidence is apparently continued along 
the cross line of Miimliswyl Balstall. The 
’downthrow* of the fault is here also to the 
west. Again, the western boundary of the 
Rhine valley, though this is more uncertain, may 
perhaps* be correlated with the cross valleys 
which pftss^ by Delle, Poixentruy, and St. 
Ursanne, continuing possibly by Sonceboz 
to Biel. 

The selection of Pontarlier for the line of 
failway has be’en ■rrl' the 

geological events which has most profoundly 
abetted the chain of the Jura. The displace* 
ments commencing in'^ the,, direction of the 
valley of the Loue, and passing through it^to 
the eastern end of Mont. Tendre, has been 
utilised by rivers, roads, and railway lines. 
It passes nearly dpe S.N., and all the anti¬ 
clinal and synclinal folds dn the two sides 
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of the line show a disfocatiou, sometimes 
amounting to 2 or 3 km., ’ » 

The Jura is very poor •in rivers and streams.* 
It rfjonsists mainly of calcareous strata, often 
much fissured, so that the rain sinks *into the 
ground and reappears often in copious springs^ 
—named from one of the most celebrated 
sources vauclusieajies ’’-^where ,the Vater is 
brought to the surface by some more'imper- 
^vious stratum. * , • » 

In, several, cases the. disposition of the 
ridges and the character of the rock is such, 
that file streams have no natural issue, ‘and 
after »longer or shorter course under ground, 
reappdkr at some distance. Thu^ the Orbe 
commences in a 'closed valley. The upper 
part, or Vall4c de Jqux, is double, one branch 
bei«g \tnthout any river, exloept a* little 
streamlet’which runs into the Lake*of Ter. 
The southern is traversed by the ifpper Orbe, 
which falls into the Lake of Joux, and its 
continuation, Jihe Lake of Brenet. Neither,of 
fBbSeo^let, bat the waters*^ 
escape "bj^ an underground passage, and re¬ 
appear above Vallorbes. ’ » ^ 

^ This had long beesi suspected, but ,was 
.eventually proved in 1893 by M. Picard, who 
poured in some fluorescine, which after the 
lape^ of 30 hourt^ reappeared in the source 
ofthe*Orbe. . * 

Again the vaUey of La Brei^^ine is a syfaclinal 
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of Cretaeeou.s rock; surrounded by Jurassic, 
aud' entirely closed, The waters escape 
■through ^veral swallow holes or “ emposieux.’’ 
These, hdwever, sometimes get choked, and 
the valley is flooded. 

It has Jbeen suggested, as already mentioned,, 
that before the sinking of the Ehine valley at 
Basle, Which ppened' a n^jswroute to the north, 
it belonged to the riv^sr system of, the Danube 
there is also aomd' ground for thinking that at, 
a subsequent period it continued its course 
W.S.W. to the Sadne, and that the valley of 
the Doubs below St. Ursanne is ii^ fact an old 
bed of the Rhine. This- interesting point, 
however, can only be determined by further 
evidence. 

The southern limit of *the Jura forms the 
great mountain wall, which, from the Lake 
of Geneva north-eastwards to Bern, Freiburg, 
and Aarau,*^may be seen stretching along the 
north, without a break, from the Fort de 
rijchise, where the Rhone crosses the Mont 
.Vuache, to Montriche r ^ near La. Serraz - 

Some districts of the^Jura have' sufiered 
greatly from the reckless destruction of forests, 
as, for instance, parts ©f Mont Tendre, whose 
dry and barren slopes were once clothed^ witli, 
luxuriant vegetation. It is unfortunately 
becoming evident that much arable land and 
pasture which, at^ great labour and expense, 
have b^en formecf *ouA of the primeval forest. 
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will, with perhaps even more,* have to be, 
re-a£Ebrested again. , ’ • 

The Jura ihountains 
corybain* several interestkig 
caves, often associated in 
4 )opular tradition with the 
fairies, as the Temple aux 
Fees near Longeaigwesj, the 
(S^rotte aux F^es near V^l- 
lorbes, the Beaumes de la 
Tjdte ^ux Feef}, etc. The 
Grdtte de Remonot on the 
Doubs* was fong used as a 
village* church. * 

Nejfr Moufier a crack in 
the Upper Jurassic beds, 
which was exposed in pre- 
pariaig thPe foundation for a 
church, was found to contajii 
many bones of quadrupeds 
belonging to the Eocene 
period, including three 
Tpl 'I i I II X 1-iJ' I i ‘ I. j-ilUi ‘ 

Similar* Assures containing 
Eocene fo'ssils have been 
met with at Egerkingen, 

.OlS^-Gosgen, and elsewhere, 

showing that dry land existed here during the 

Eoeehe period.‘ , 

The celebrated asphalt of the Val de Travers 

^ Miiller, Beilr' z. Geol. K. d. Sc^tc,, L. i. • 





258 


SCENERY OP SWITZERLAND 


CHAP. '» 


(Fig. 81«) copies mainly from Urgonian strata, 
^'iie valley is a synclinal, bounded, however, on 
the 8.E^ by a fault,’ which brings the more 
recent sfii'iUa, from the Portland Beds to*the 
Mollasf^, directly against the Malm. 

As already mentioned, during the Glacial, 
period the grand sheet of ice which spread 
over tlie whole ceiftral^^piain of Switzerland, 
rose t(5 a^^reat lieight on the slopes of the Jurfi. 
Tho glacier .even rose over more than one of 
the cols, and streamed into the innei^valleys 
as, for instance, by Komainmotier into the Yal 
de 'Yaulion. The Yal de Travers has long 
been celebrated for the number of ^ erratic 
blocks which it contains. In many places the 
rocks are ground and polished by the glaciers. 

The Rhine at Basle runs on a bed of gravel 
30 metres at‘least in thickness, and'the 4iills 
on each side are capped with a yellow, fine, 
sandy marl known as “ loess,” up to a height 
of 100 metres.* 

I Most indeed of the valleys were once much 
deeper than they nrpj^ 11 nw_ ...r’ar a 

filled up with gravel and alluvium,* indicating 
tile presence of bai-s which are now covered 
up< The alluvial deposits often attain a great 
thickness. Near Travers^' a proposed railway 
bridge had to be abandoned, from the difficulty 
of obtaining any sufficient foundation.^ o 

.. * Muller, Beif".' s. Oeol. K. Srhw., L. i. 

^ Jsccard, BeUr, z.'Oeol. K. d, Hehw., L. vi. 
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Lake of NeuohAtel* 

B * 

The Lake of Neuclidikel is abowt. 24 Km. • 
iu l^ngfli, and 6 in breadifcli. It is 4Jr2 metres 
above the sea and 153 in depth. 'Uiiless 
therefore the gravel beds of the Aar are* 
500 feet deep it is also a rock basin. It i s 
surrounded by masshes \v4iieh used td. cover 
fr0,000 acres, ^ut a good’deal of the#ai’ea luis 
now been drained. * , • . 

The, Lake pf Neuchatel and of Bienne 
at bne time formed a single sheet. Indeed, 
the fofmer lake extended from Orbe on »the 
west te Soleure on. the east. The basin is 
formed’ by one, or rather two, of the longi¬ 
tudinal Jura valleys. 1 say two because a 
ridge of Marine Moliasse, commencing at the 
hjlL-of (hiamblon near Yverduh,, runs* along 
the centre of the lake, ^forms the Jolimont 
between the Lake of Neuchatel aiid Bienne, 
and continues along the centre of the Lake of 
Bienne, formip'g a ridge over 400 feet’ in 
ircigh^^jv.ajid. ;njp(earing q,bove the surface as. 
the Isle de St. Pierre. In fact, if the level 
of the w'ater was reduced the Lakes of 
Neuchatel and Bienne wpuld each be resolyed 
jntc^two narrow l^es; while if the water 
rose they would form a single sheet with 
the. Lake of Morat. * 
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.the! central plain 

r 

To the S.E. of the Jura is the great Central 
Plafn of Switzerland, which is a plain however 
only in contrast with the mountains by which 
it is surrounded, and in other countries' would 
be regarded as an elevated hilly region. 
Thanks to its geological and climatic con¬ 
ditions, it one of the richest tmd «iost 
genial ^arts of Europe. 

It extends in a S.W. and N.E. direction 
from the Lake of Geneva across that of 
Qpflstance to Wurtemberg, and has an average 
•width of aboift 30 m jles. ^ 

It is mainly formeoot Miocene sttata known 
a» Mbllasse; usually divided into—(1) Lower 
trQshwater Mollasscp (2j Marine Mollasse; 
and (3) Upper Freshwater Mollasse; which, 
however, according to • Kaufmann, were in 
some cases being deposited simultaneously; 
no doubt there were several alternations of 
sea, nl^arsh, and freshwater? 
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The Mollasse attains an unknown tIii,ck-> 
ness. In parte of Vaud *the upper beds alone 
reach oyer 1000 metres. ' \ 't 

fn fact, during the *Mioceiie peri 4 ^d, .the 
country between the rising Alps and the 
^ura ^^as a basin occupied sometimes by tlie 
Sea, sometimss by a great lake and tlien \yf" 
tjie Sea again. Tile* riyers from th(^ Alps 
brought down boulders, gr(ivel, add sand, 
gradually filling up the liolloW, deposit¬ 
ing, th-e largeslj boulders at the foot of the 
mountg,ins and carrying the finer materials 
further into the plain. The water escaped 
first perhaps .by th^ i)anube ; there is som<*. 
reason to believe that at one time it fjowed 
by the valley of tlie Doubs to the Mediter¬ 
ranean, and lastly through Germany north¬ 
wards, carj^ying the finer materfals to build 
up the plains of Belgium and llollaryl. ’*» 

Then came a period of cold—the Glacial 
period—when .rivers of ice gradually ,dc- 
!=i£».p.pfip. f1 from' the mountains, filled up the 
valle^,’- 'f/y-d- covered the whole' 
of the loyjer country with a great sheet of 
ice. 

•The Mollasse consists of beds of* safid- 
• stone, marl," and, e.^pecially as we approach 
the Alps, of a 9 oarse gravel known as 
“ NUgelflue,” which is often cemented so as 
to form a hard conglomerate,. The pebbles 
are often crushed, sbmetiiftes compressed,,and 
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tliQ san^storfe often shows ripple marks, like 
Ihose of our present ^jea-shores.. 

Seamt- /of coal ' occur throughout the 
MoUas^e; they are', however, not of 'any 
considerable extent, nor of good quality, 
and are' generally very thin, not exceeding 
"two feet, and rarely more *than a few 
inchest, “ ‘ 

r ' ' 

The hharactqr of the Mollasse in fact 
dillers grca'tly in different localities,, which 
no doubt indicates varying' conditions of 
deposit, rather than difference -of age, The 
be(fs arc more compact towards the south 
and become looser in fexture^ more sandy 
and marly, as they approa(di the ,lura. 

Fossils are rare in the Lower Freshwater 
Mollasse. Still there are some j)laces in 
which they 'ocuur. I’lie N.agclfliic is aWiioSt 
without fossils. 

In the Marine Mollasse several hundred 
species have been determined, mostly marine 
shells. Remains of land animals occur , how - 
"ever, in the ^ t*; i ^Tiffing a 

Mastodon, two species of Rhinoceros, the 
Dinotherium, etc. 

*Tho Upper Freshwater Mollasse is niKch 
richer, and contains the'' celebrated locality 
of Oeningen, near the Lake of Constance, 
where, in strata evidently deposited ih a 
shallctw and qqiet lake, have been found 
the ,remains, beautifully preserved, of no less 



XII 


THE' CENTRAL PLAIN 


265? 


than 1000 species of insects, about 400 plants^ 
and many vei;tebrates. « ’ * 

At the close of the ^ Mollasse * period the* 
gr^t Swiss plain must have bfeen nearly 
horizontal, but its elevation above *the’ Sea 
►was probably not entirely uniform, ^.ud somd 
inequalities yer§ thus produced. 

The present hilk, hpwe '^er, are jnairvfy due to 
Tinequal erosipn ; the hard Nagellluc»es|)ecially 
.has been able to resist the destructive *a«tion 
of tirrvi and weather. 

’Towards the south boundary tlic Mollasse 
is thrown into two well-marked arches, t?epa- 
rated •Ijy a synclinal Hne, marked blue on the 
Swiss geological map. * 

The anticlinal* line runs south-westwards 
from Bavaria to the valley of the Khine, a little 
«outh of^I^regenz, on the Lakc'iof Codstanee, 
then to the Lake of Zurjeh, passing fi»long the 
Obersee to Uznach, then across the Lake of Zug 
at Oberwyl, so to Lucerne, bends sharply south 
near Schanguau, crosses the Aar near Klrvh- 
“cloW^b yixUggisberg on the Sen^e to fiausanne*,^ 
and fiha^ in a more accentuated form gives 
rise to the Mont Saleve (Fig. 78), south* of 
(jeneva, where the ar«h is liroken ^imli the 
. Jufh-ssic anti Cretaceous strata become visible. 
This great anticlinal dias a length of not less 
than Q70 km.* At*its southern limit the Nagel- 

flue appears, though this is^not yet absolutely 

• ® * 
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proved, to ba in some places turned over on 
iteelf, so that we should in tjiis case havQ 
a repetition of the ■ conditions of the Jura 
(see p. 24 ?) ; nearly ‘horizontal strata to the 
north, fiien a series of folds^ becoming more 
‘and more^ accentuated to the south, and ilnally* 
^rned over at the south edge,, 

To ^.feis, l:^owever; I sjialkrefer again in the 
next chapter, and will here only,.observe that’ 
it would account' for the enormous thic^cness, 
of tlie Nagelflue at the Rigi and ako for 
the want of conformity between the strata, 
wheie the Nagelflue and Cretaceous strata 
meet, as, for instance, [it«the Vitznauerstock 
on the Lake of TiUcerne. 

Tl^e rivers are now mostly cutting into the 
old river terraces, and deepening their beds. 

The’elevation of the Alps, j^s alreVtdy* 
mentioned, commenced during the Eocene 
period, l3ut was much more active during the 
Miocene. 

„T5ie last period of compression, and fo lding 
was later than the Miocene perio^,^,,^^ we 
lind the whole series of sedimentary strata 
from tlie Verrucano to the Miocene folded 
together. u' 

Between the Alps on tlie south, the Jura 
and the Black Forest on the north, the great 
plain of Swttzerland was tinder wafer and 
received the material brought down by 
.torrent^ from the rising mountains. These 
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deposits, forming the Nagelfl\le, c&nsist of 
coarse aggloiyerates and»gravels. • 

The pebbles of thd Nagelflrfe |are oftert 
m«>re or less flattened,*and such 'pebbles are 
frequently, arranged somewhat like ^he tiles 
of a •roof, so as best to stand thij current. 
They therefore, indicate the direction of Jiho* 
streams, showings thysm *in general-^^ have 
run from S.E. to N.W. ^They Are larger 
near^the Alps, as for instance* at tljfb jKigi 
and tihe Nap£; and get gradually smaller to, 
the north. , Exceptions .may no doubt be 
found, and along the Rhine the gravels 
contaM son^je large*blocks and pebbles of^ 
Jurassic limeston^. These, howeVer, belong 
to the Black Forest, and have come from the 
north. * 

• i)r. Fpqb ^ has made a careful exaifiination 
of the pebbles forming ,the Nagel^m^, Many 
come from the neighbouring P^'lysch. Of 
many the origin cannot be determined. 
Pebbles, for* instance, from the Flysch ’ and 
are in many cases indistinguishabh!, 
unless* indeed they contain fossils. , These 
are unfortunately very rare. Neither Rfttj- 
ijjeyer nor Friih,, in' ^spite of mosli cai’eful 
sediPch, hafe found any fossils in the great 
mass of Nagelflue forming the Rigi. 

• H^iiq, however, has met witlj fragments of 
Triassic corals, and in other districts frag- 

* New Denkschfiflen, l^OO. 
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Hients of *Beleinnites, and sucli pebbles cannot 
bfilong to the Tertiary period- Belemnites. 
being ther^ already extinct. 

It is remarkable that many of the pebbles 
of the ^I'agelflue seem to be' exotic, that is 
fb say, they do not belong to rocks Sound » 
4¥i»^the neighbouring mountains., We find 
scarcely*7;ny blocks or pebbkra of the Granite, 
Gneiss, and Crystalline schists which now form’ 
the ?i^itral ‘'mountain range of the Alps. , 
^Amphibolite, Serpentine, Verrucano, andaother 
rocks which we should have expected to find, 
seem* to be entirely absent. At, that time, 
however, these crystalline rocjks were covered 
to a great‘depth by the sedimentary strata. 
Some of the pebbles indeed do not agree with 
any rock now found in or^ near the Alps. It 
has, ho\^ever, been suggested that sojpae of tlresc 
may rei^Iy Jiave been, derived from the Alpine 
rocks, but before the enormous pressure had 
brought them into their present condition. 
The Nagelflue is evidently a gravel forma- 
,tton—an enormous cone deposited -•frtT^e * 
northe^’n edge of the Oligocene and, Miocene 
Al^s. 

The sources of certain pebbles can, how¬ 
ever, be ascertained with* great probabihty, . 
and Friih concludes tliAt the rivers came 
from the S. and S.E. Tlie watershed was 
then further south than it is at present, 
and Jhe believes that thS rivers drained 
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not only the nearer Alpine* clistVicts, bvit 
the Voralb'jrg,. the ^Irisons, North tytol 
to b(^ond Botzen, th^ Val Telhrip,, and tlfc 
nt)rth of Italy, even tb the Lake of Lugano 
and of Maggiore. The Middle Rhine, Reuss, 
Inn,*etc., extended considerably further soutfi. 
Several of .tht\ smaller streams, sucji a^.J^ 
Carassina, beloiiging. to* the Val li^C^fiio, the 
Forno and Albigno an(\ upper waters of the 
Mai«£i, which now run into the* Val Bt^.aglia 
t^ L»mbardy, still show by their directioii 
and ,their terraces that tliey originally be¬ 
longed to the river system of Switzerland. 

“^'he pebbles' of the NagelHue,” says 
Bonney, “ indicate that this rivcA, instead of 
Howing as the Reuss now does for the greater 
part of its course over crystalline* rocks, was 
tlibn engjiged in removing the *ov<irIymg sedi- 
mentaries, and had orJy here apd •fhere cut 
down the Granitoid Gneisses and Schists.’ 


Glacial Dkposi'ts 

(Jver* the Tertiary strata lie vast n^assss of 
glacial deposits whicli, increase in thickness* as 
w» approach the’.Jura, and cover flic wliole 
elistrict with the exception of a few of the 
highest parts, at# for instance the elistrict of 
the Napf. 

^ The Growth ami Sctilplure of^he Alp% Tyndall Lt?ctyr«s, 188#, 
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c These flepo^its can be traced from their ex- 
tr^e limits at Lyons, high up. on the Jura, and 
along the .^aV, right ujf to the modern glaciers. 
Moreover, tfie characteristic rocks retain tfte 
same relative position. Many of the rocks 
and stones* which it brought down arc f6und 
.i«^li.fFerept localities, but some direr confined to 
special ni^tricts. Giiyot* spCicially mentions 
the Puddiri^stones^from the Dents^de Morcles, 
the wjifte Grafiite of the Upper Valais and the 
(xalenstock, the Euphotides of the^ Saas Valley, 
the Arkesines of the Allelin Glacier and the 
Val dTlerens, and the Protogine of the Mont 
Blanc range. These do not mix, .but occupy 
the same reFative positions at the end of the 
ancient glacier: the Puddiiigstones of the 
Dents de Morcles at Guggisberg; the Upper 
Valais rocks betfween Schwarzenberg and KoA'iz 
(near BqFu)^ the Euphotides at Bern and 
Bourgdorf; the Arkesines at Seeberg; and 
the Mont Blanc Protogine at Aarjvangen. 

hbave already indicated the borders of the 
g,*1}at glacial sheet (ante, p. 129), and i^efe’fiS 
to the Reasons long ago brought forward by 
Mor^ot for believing that the Glacial period 
was irot one of continuous cold, but that it 
was interrupted by more genial periods. 

Fig. 82 represents a Section across the 
valley of the Aar, from Leuggern to Klingnaif, 
a short distance abov^ Coblenz. It is a general 

** * Bull. Soc.. Sc. A’o?. Neufchatel, vol. i. 



XII 


THE CENTRAL PLAIN 


2^9 

character of the Upper terracea to he capped 
by loam or “ Loess,” the deposit of au’cioiit 
floods before the present river, valleys had 
b^en cut down to theii'* present dtfprhs. 

Most of the ■’river valleys originated before 
the Glacial period, but the main ercision seenls 
to have taken^ place between the first^.jnd 
second Ice age^ Thatf they ^weroAeeii'upicd 
by glaciers during the sfecond and third Glacial 
periods (see Map, p. 108) is* proved, as’aiready 
men^oned, ^y the existence of numerous 
terminal moraines crossing the valleys, and 
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Kuj. sa.—Section of tlio Valloy of tlie Aar. 

Scale, loiistli, 1 -100,000 ; hciKht, a 

♦, lajworalluvial terrace ; »/, Ujiper alluviinii co-*!ivi| liy iiioraiiie« an<l 
1.0088 ; r, AllAviuiii of the upper plateaux, covereil liy Loess ; j, Juiassio 

strata iii situ. * 

® . * I 

lateral moraines lining the hills along the 
jirincipal river valleys; as for instance tlu! 
Aar, especitdly from Thun to Bern, tlic* Suhr 
fib'iii Sempach to Wittwyl,' the Aar frcrgi 
the Baldegger See to Lenzburg, thp Reuss 
from Kfein Dietwil below Lucerne to Mtiiljn- 
gen, the Valley of tha Limmat fronj Kapper- 
sChwyl, oh the Lake of Zurich, to near Baden. 

Besides the actual moraines and the 
erratic^ blocks, the glaciers as ,they retreated, 
and the floods arising frpm the melting of 
the ice, left grekt masses of so-called “ D>- 
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lijvial” gravels, which occupy much of the 
valley bottoms, not having even yet been 
cx)mpletelY iKj-excavat\icl by the rivers, and 
as we appii)ach the «Jura even form the 
hills, 'thd' valleys being occupied by compar¬ 
atively recjent river deposits. Thus the -river , 
L4Qi:ze runs on this gravel f^om^ the Lake 
of Zlt^-^s f^r as Saa^j: Lucerne the 

gravel has* been piefeed to a <^epth of 30 ' 
metra? witliQut teaching the bottom; in 
several places it attains a thick;pess of .,even 
(50 metres.' The river Langeten near Rogg- 
wyl Sjinks almost entirely into "^the gravel, 
so that it disappears 6x«ept in very wet 
"weather, rising again in several strong springs 
a little further down the valley. The surface 
of the gravel beds is v^ry irregular, and 
often gi^es risa'to small lakes, as for instance 
the Mau©nsee, Biberse;?, Finster See, Rothsee, 
etc. Several of the present peat mosses 
were formerly shallow lakes of this character. 
TliQ Baldegger See and Hallwyler See are 
separated from One another by this QuaternSiy 
gravel, which indeed has so much raised the bed 
of^l^ie whole valley of the Aa, that the bottom 
of thft Baldegger See is* at the same level as 
Lenzburg many miles down<-thc valley.^ 

Round the Lake of Geneva, especially on 
the south side, but also (jlsewhere, as for 

* <Kaufmaun, JSetV. z. Oeol. K. <i. Schw., L. xi. 

< , a Jbid. 
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instance round Auboniie,’ the glacial deposit 
attain a great thickness. The ravines, thbugh 
deep, are excavated altogether in tliem, and 
rarely* penetrate to tha Mollasse;:’ * They are 
moreover very' impenetrable, as sitowh by 
the agreat detour whicli they compel the 
Versoix to make on its way to the lake. 

To these gle«ial jcieposits the lcv?da<ids of 
Switzerland.owe much 6f their great fertility. 

Kaufmann ^ and Gremaull ' ajttribute anuch 
impovtance tp these deposits in determining 
the present <;ourses of the rivers. They point' 
out 'that while some comparatively ‘large 
streams, such as ^th'e Sihl, run in narrow 
valle^^s, others, such as the Suhr, txicupy much’ 
wider ones, out'’ of all proportion to the 
water supply, and, the size of which they 
.aceouni? for by glacial actioii., especially as 
these wider valleys occupy just the courses 
of the ancient glaciers. * 

For instance, the Rohnthal runs almost 
from the lawer end of the Lake of 8eiRp,ach 
westwards to Scholz on the 'River Wiggor. 
This ’bfoad valley is drained by a little 
stream, the Rohn, and instead of narrovdng 
upwards, retains almjost its full vvidth. A 
Iitde to the north again is the valley of 
the Hurnbach, which presents very similar 
characteristics. ' Kaufmann explains these 

^ * Beitr. Geol. K. d. Sihu}., L. xi. , 

® “ Etudes sur les voiles de Pribourg,” Bull. Hoc. Sc„N^., 188?* 
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features fey suggesting that the glacier which 
cWe down the valley of the Suhr was 
cbstructed by the hiH of Wohlen below the 
Lake of Sempach, and •broken up; one branch 
passiflg fiown the present yaliey of the Suhr, 
d^other down that of the Rohn, while a.. 
portion oi* the ice surmounted-the hill and 
conthfc^wiL in a direct course-dEfown the valley 
of the 'Hvrnbach. The pressure of the ice^ 
caused'by this ob&tacle may possibly account 
for the <lepression now occujpied by the 
‘Lake of Sempach. The valley of t'ne 
Biena-, to the west of the Reus§, which is 
out of all proportion Ho. the size of the 
•^present stream, was perhaps occupied by the 
Reuss in ancient times. The valley contains 
several moraines, especially at Othmarsingen, 
where evidently for a considerable thne was. 
the head of the glacier, and below which 
the valley ’ alters its character, becoming 
much narrower. 

^liother “dead” valley leads'from the Aar 
at Wildegg, below Aarau, to Mellingen*^n 
the valley of the Reuss. It probably marks 
the» ancient bed of the Aar before that 
river* had acquired its present course through 
the Jura‘north of Lenzburg.' 

Gremaud has subsequently called attention 
to other similar cases. 

v,The Kleihe Emmen rises north of 
Jnterlaken and has , a well - preserved old 
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valley acToss the plateau to 'the ’ Aar at 
Aarhurg,. but, h^ now* abandoned its ’oM 
course ^at; Wiggern, and'-turns sharj)ly round’ 
to "the ^a'st, following a ‘trough which^ carries 
it to the Reuss below Lucerne. 

• Th^ river system round Bern is also curious 
and interestmg. ,• From the direction, of ihe 
upper Sense the matixTal ’course .of ^ln3*^ver 
would be by.Wangen to‘Bern, and Along the 
.valley.of the Urtenenbach to th<y Aar Vl^lley 
l)elow ^oleure..-* In fact there is here a brotid 
valley^ apparently once the bed of a consider- 
al)le river. At present, however, it is occupied 
l)y thrSe streams, in ‘ the uj^jicr part, by tlic 

Sense *it8elf, whiclji, however, neaf Thorisch 
turns at a right angle to the west and falls into 
the Sarine. Below Thorisch is a small brook 
whidi hill^ into the Aar near Bern*, and lAirning 
at a right angle also joins,the Sarine. ** 
the lower part of the valley is occupied by the 
Urtenenbach which joins the Emmen and falls 
into the Aar below Soleure. ** ■* 

It is clear indeed that there are many”. 
dead valleys which have once been occupied 
by rivers, but which are now dry; such its 
tliij Klettgau between S.«hafi’hausen and Basle, 
whitih was "probably once the course of the 
Rhine, or perhaps of the Aar; the Glatthal, 
betweqpi the Upper Lake of Zurich and the 
Rhine at Kaiserstuhl, which was probably one 
of the beds of the Limmat; the valley from 

’ T 
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Oerlikon' by'Katzensee to Wettingen, which 
'v^‘as also once occupied by the, Limmat. In 
some caspsHhe rivefs have been forced to 
change theft courses by the enormous masses 
of glacial deposits. Thus th% Sihl was prob¬ 
ably cut .off from the Lake of Ziiriclv, and* 
coujwilpd to adopt its presenf cpurse parallel 
to triS*^£ike, betweeii the Afeis range and the 
great latfii*al Moraine which forms the low 
ridgft bf hills along the west side of the lake.,. 
The Aar again appears to havecbeen excluded 
from its old course down the Gp-uthal by the 
moraine at Soleure, and driven to excavate a 
new bed in the Mollasse.^ • 

It is interesting that th^se deserted valleys 
not only contain thick deposits of river gravel, 
etc., but also show the tusual terraces along 
their sides. ^ - 

The,Vemarkable case of the Venoge has been 
already described {ante, p. 193). 

The Aar at Aarberg and Schinznach, the 
Reuss at Mulligen, and the Limmat at Baden, 
.have sawn their way through Jurassic ridges."* 
The Marine cuts through several mountain 
K^nges.^ If these had risen more rapidly than 
the*Tivers could cut through them, lakes mjist 
have been formed, and it is even possible chat . 
for a time such lakes may have existed. 

1 Du Pasquier, BeUr. z. Geol. K. d. Schw., L. xxxi. 

® Musv, “Disc. prot.'Ji Touv. de la,74o sess.,” Ann. Soc. Helv. 
Fribourg’ 1891. 
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It is clear then that *the ceurseS of the 
ancient rivers ^were in many cases very differeift 
from those of the’present day. * 

•But* although these «onsiderati6ns explain 
to a great extent the general direction of the 
j-iver «ourses, there are not a few cases, as for 
instance in tjie ^orth of the Canton of Vjpnd, 
and south of F»ibouj*g, “where .they “acre far 
from easy to jinderstand.* Gillidron points out 
,that the character of the Flysch»which* f(&rms 
the d^trict nj^kes it difficult to distinguish , 
thd structure^of the mountains, and that it is 
impossible ajt present to form any idea as to 
the original relief. ♦ * 

The arrangement, both of the Marine and 
Freshwater MollaSse, makes it probable that 
the drainage of Switzerland was then eastwards 
by the TaHey of the Danube*4,o the? Black 
Sea. The openings wjjiich now, ci«^ry the 
waters of the Valais westwards to the Valley 
of the Sadne and so to the Mediterranean, and 
of the Aar and the Rhine by Brugg and ilasle 
to the North Sea, were not ye< in existence?. 
The TiJrtlary strata of France and Germany 
have no connection with those of SwitzerlailH, 
a^jl were evidentl]^ separated by dry, laud— 
.by *the Jursessic chains. The subsidence which 
has given rise to the»Rhine Valley from Basle 
northwards, and the erosion of the Rhone 
Valley *at Bellegarde, ar§^ therefore^ long 
posterior to the peHod of •the Mollasse. 



!76 SCENERY OF SWITZERLAND chap. 

c 

r The flhoiJe was eventually shut olF at 
^ormont, between the Lakes of Geneva and 
S^euch4te|l, "the Aar*- at Baden, while the 
mbsidence between the Vosges and the Black 
Forest opened a way for the Rhine to the 
north. The rivers then adopted their presenL 
cou^^s,, the Rhone to the Mediterranean, the 
Aar^oid'the^ Rhin(i to, the^ North Sea, thus 
depriving*’ the Danube of a very large parf 
of itsoriginal territory. It is evident that, 
these changes must have taken a long^ time, 
though from a geological point of view 
they are very recent. The evidence of 
many changes in the "course of the Rhine 
from Eglish-u to Coblenz indicates this, as well 
as the fact that neither the Rhone, the Rhine, 
nor the Aar have yet been able to regularise 
their b'eds. They are divided by ridges into 
distinctj'sec^tions wRUn different inclinations. 

The result of the general inclination of the 
plain is that the Lower Aar runs at the foot 
ofo the Jura, and that a succession of rivers, 
fthe Upper Aar, Emmen, Suhr, A a, Reuss, 
Limm{it, Glatt, Toss, and Thur, at approxi- 
nrately equal intervals, run from S.E. to N.W. 
intorthe Aar and the Rhine. 

But while it is clear that the rivers fornierly. 
ran at a much higher level than the present, 
and have excavated their valleys, the great 
deposits of river .gravel, etc., show that the 
valley a were a,t one time ' even deeper than 
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they are now, and were subsequently Idled, un 
to a certain ieight. lie present period is 
again qjie of erosion. The rivers a^f $t present 
de?pening their beds, buf in the lower portions 
of their course have only cut down to their, 
Torme? level in a few places, as, for instance, the 
Liramat below Baden; but in others where they 
jpjiear to have dolie so,*-for instance tlq'Aar at 
Brugg, and the Rhine near Irpliel, Kliserstuhl, 
•Laufci) berg, and Rhcinfeldcn, thiAigh the pre- 
scqli bed is cuh into the rock, this is due to a. 
change in the course of the river. The, old 
river gravels at the Jlrugg railway station, 
and squth of Laufenberg, are mud deeper , 
than the present river. 



CHAPTER XHI< 


TgE OUTER-ALPS 

The outer chain of the Northern Alps Consists 
of Eocene and Secondary strata tlirown into 
a series of folds, and running fiora S.W. to 
N.E. Tfiey extend far into Austria on the 
east, forming the north part of the Voralberg, 
and into Savoy on the west, but so far as 
Switzerland itself is concerned they commence 
in the valley of the Rhine at the east'end 
of the “’Lake of Constance, form the Sentis 
Mountains, and the Churfirsten over the 
Walensee, extend by Einsiedein and Schwyz 
to the Lake of Lucerne, strctdi away to the 
^Tjake of Thun, and then form a grand curve 
with its convexity northwards, reaching almost 
& Fribourg, and so to Vevey and Montreux 
on Ihe^Lake of Geneva, to the south of which 
they extend into the Chablais and Savoy. 

They form a complicated network, which 
on an ordinary map shows no regular, a^rarige- 
ment^ the configuration of the surface has 

beer greatly affected by folds, fractures, faults, 

♦ # 
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and denudation, and the structure in many 
.places still ai^ enigma/ • 

They are as a rule Inore fold«d| and con- 
tc«:ted than the Jura, “but less lo than the 
central chains. * The arches, however* tliough 
less (50mpressed, are more often fra,ctured a!; 
the summit^^ pointing to a difference^ of con¬ 
ditions. Possibly the fixplanajbion* "may be 
that the compression was more rapid ol' nearer 
to th;(j surface. 

Tile Eocei^ strata often lie in* troughs^ 
between Jui^assic and Cretaceous mountains, 
and it has been supposed by some geologists 
that they \^ere deposited in bays •or fiords. 
It seems, however, now to be * established * 
that the Eocene’ strata were formerly con¬ 
tinuous, that the elevation of the Jurassic 
^ind Gre'l^eeous mountain ranges is Of more 
recent date, and that, where (he*, Eocene 
strata are absent this is due to denudation. 
The presence of fragments of Eocene, as for 
instance on* the summit of the Ganteri«(di 
near Bovatez, between the Jaun and tlf^ 
Montelorj (though too smalt to be marjeed on 
the map), seems conclusive on this point. 

• In many places the^ Secondary str^ita diave 
beelh con^derably* reduced in thickness by 
the tremendous pressure to which they were 
sifbjept^d during *the process of folding. This 

‘ Schardf, “Struct. G^ol.ides. PrealpesV*G*icve 1892. 

* Favre and Schardt, Beilr. z. Xleol. d. Schv., fe. |xii. 
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the c&se for instance on the north-west of 
the ‘ Mattstock in the Sentis, wljere (Fig. 83), 
'the Urgojiian (U) is Veduced from its normal 
thickness of 220 metres to 30 metres, or to ^th, 
the Gault from 70 metres to lO, and the Seewer- 
kalk from, 100 to 12, or to -|th, while elsewhere* 
the strata form mere shreds cyi* d/jtached lens¬ 
like masses, ajid finally ip some cases disappear 
altogether.* 



M, Miocono ; K, Ijoccuo ; S, Snoworkulk ; O, Uault; U, Urgonian ; 

N, Ncoeoiniaii. 

c In Schardt’s opinion the Mount Cubli, Mole- 
^n, Rochers de Naye, etc., form a great over¬ 
thrust pon tinned in the Chablais oujihe other 
»i 5 rd of the lake, but cut across by the great 
traiibver/je valley of the Rhpne. «. 


Sentis Mountains and the Lake op 
.WalenstaiSt 

4 i. 

The Sentis g^opp and the Churfirsten 

* Buroklianlt, z. Oeol. K. d. Sehw., L. xxxii. 
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occupy the triangle between * the * Lake of 
.Walen and *th& Khiu(?. They are formed 
mainly of Cretaceous strata with fu mantle 
of Tertiaries at their feet. , , 

The Sentis Mountains occupy the norther^ 
•and ^ider part. They trend from N.E. to 
S.W. The *N.E. end consists of si:; ridges, 
^due to as mahy fold^, the 'ridges being 
often Urgonian: they gr{\dually coalesce a 

* little<jiorth of Wesen into two, the Goggoyen- 
b(^g (with thoHjidernberg), and the Mattstock, 
(Big.j83), and finally to one in the KiiDfen 
stock. Tlte ridges ^re generally anticlinal, 
but {he highest ‘summit is at the place, 
where two synclinals meet one another. In 
the Churfirsten, which overlook the Lake of 
Walen, the strata (Fig. 26) ^rc folded into- 
^ cbmplejta S. The configuratibn of the sur 
face has been less affected by denudjition in 
the Sentis than in most other Alpine districts. 

From, the* Sentis Mountains a g^xcier 
formerly streamed to the N.W., occupying 
the country between the Sitter and the Thuf* 
The WaJ^nsee is a long valley originally due 
to a trough-like depression, the strata beifeg> 
actually folded Imck * on themselves. * The 

• Str^legg is a ridge’ of Urgonian. 

* Heim, Mech. d. Geh. jrol. if See however Rothpletz, Oectek- 
t(»9lsehe^^j)lenu. 
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The Rigi 


" The R{gi*(Figs. 84^ 85, and 88), as already 

', . * • t 


Ilni'hlhtli 


Siilti'rliitim 


Higi knlu 



Kio. 84.-f Section acros* the Bigi seen from the Nortli, ami showing W 3 Rockfall^ 
* r. of the Kossberg. 

c '• 

mentioned, is the southern slope of a great 
arch of Miocene Puddingstone, the summit 
.and mos{ ^of the north'slope .having dis- 





MMeusse efaut dcHite 
N®® PmcUn trues ' 


miasse marine 
Ahllct^fc roiigs 


htiene 

Urgmten, 


r-gr^ NeoconUerif 


i. — o 

Fio. 85.—Section from the Booterberg acroia the KIgi to the Vllznanttsiock. 


appeared. It is a gigdntic bed of gravel 
brought from, the mountains to the south. 

The,, thicknes8„of these gravel beds at the 
' Rigi (some 5000 feet) is enormous, and they 
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appear to have been folded bfifck ufon them¬ 
selves, thougli the evidaice is not as yet*c(Jlti- 
clusiv^. The mountain forms a ^ng ridg5. 

the east end the Mdllasse beds*aL)ut against 
Eocene and Cretaceous strata, which form the 
Hohduh. The Ross])erg is a continuation of 
the Rigi. From this mountain came J;he great 
^rockfall of 1806 (chap/xxii). • The railway 
passes over*the rockfall, and enorntous blocks 
may ^till be seen. • * Z 

^ It* is indeed a wonderful geological lessor^ 
to st{i.nd on, the summit of the Rigi and use 
the eyes and the brajn. The view is magnifi¬ 
cent., We see sev*en lakes, those <5f Lucerne,^ 
Zug, Lowerz, Egeri, Baldegger, Hallwyl, and 
Sempach. To tfie north is the rich plain of 
Switzerland, and vre can trace several rivers 
•rufining,Dearly parallel with due another to¬ 
wards the Aar; to the west is th§ gfjjnd mass 
of Pilatus, of great geological interest, and fasci¬ 
nating from, its mediseval traditions ; to the 
east the Rassberg, still showing the seas of 
the gregit catastrophe of 180&, and the t"^ 
mysteriQUs Mythen; to the south, range after 
range of mountains, culminating in the gi^;^** 
af the Bernese Qberiand. Greatly, as •these 
latter appear to 'differ in height when we 
are near to them,' as we look from such a 
point of vantage as the Rigi, ,we see that in 
reality the level is very unifprm, the diperences 
and the valleys tieing mainly due to» ^enuda^ 
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tion. Ufider Dur feet is a gigantic gravel bed 
stretching completely down tp thf- Lake. 

Now, w^iat are the lessons which this gravel 
teaches us ? * • 

1. It is obviously a gra\^el of mountain 
torrents, but which has come a consid^able « 
distance^, for it is well rounded, tytid contains 
blocks uj) to L or eveh 2 ieet in diameter. 

Well-rcfanded gravel implies transport for " 
a considerable distance. Bonney^ meijytions », 
jbhat the gravel of the Stura aft^r a course of 
32 km. was still subangular, and jn the Sesia 
after t}5 km. still only moderately rounded. 

2. The'fcharacter of the pebbles proved that 
*it has come Yrom the south. , 

3. This is also shown by the position of 
the pebbles, the flatter onec being arranged, as 
in modetn streums, so as to offer most resist-- 
ance to t)ie cjirrent; and the position in this case 
shows that the stream came from the south. 

. 4. The deposition of the gravel must have 
tak^jn a prodigious time. Not only do the 
beds extend from the summit right down to 
the lakp, but, as shown in Fig. 84, t^ey slope 
the Kulm to the Scheidegg. Those on 
the sumpait of the Kulm 4o not therefore 
correspond to those on tlfe summit of ‘the ' 
Scheidegg, but so to ^ Say to those 500 
feet below. It is obvious that the Scheidegg 
layers were once continued over the Kulm, 

1 Ckol. 'slag. 1888. 
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and even if we assumS that they repre¬ 
sent the real uppermQst layers (and h; iis 
certain that there mu%t have i>een others 
wtiich*have been removed), we mtist add say 
500 feet, to the'present height of th8 Kulm. 
►This ^i)eing 4500 feet above the level of thfe 
lake, by adding these 500, we get a thickness 
of no less than 5000 :[eet^f gra\el! , 

5. Gravel cannot be’deposited »n •the to2^ 
of a mountain. It must he formgd by nmning 
water,i cither pn a coast or in rivers—in the 
plfbsent case by rivers—and must therefore have* 
been *deposijbed at a relatively low level.* As 
the rwers originally *ran from the tnountains 
to the S.E., the slope of the gravel must* 
have been towaills the N.W., whereas it is 
now towards the ,3.E., so that the gravel 
he(h mi&t^have been tilted so’as to dip in a 
direction* the reverse o^ their oriffi»al slope. 
That they do so slope we sec clearly bSth from 
the lake and as we ascend. If, moreover, we 
examine the,*cliffs overlooking the jdaih ,we 
shall find that, as shown in the figure, the 
layers’of gravel dip in towards the hill in the 
direction ^of the Scheidegg. They were in {»et 
originally continued so^as to form a great •arcli, 

. thfe'sumnrit of w^ch was (Fig. 85) approxi¬ 
mately over the Bay of Ktissnacht, and the 
n«rth-west side iihmediately on the other side 
of th*e l>ay, where the Strata are nearly hori¬ 
zontal, rising howfever almosf immedia^elpr int<r 
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another arch, which forms the Rooterberg. We 
xndAst therefore allow for another long period, 
during which the summit ‘and north-west' 
limit of trie'arch were .destroyed and removed. 

6.* Tile actual pebbles themselves have been 
(Carefully studied by Dr. Friih, whose ]VL 2 moir, 
has been referred to in the previous chapter, 
and I will Jier^only refer briefly to three points. 

1. I# thie central mountain ranges had been* 
as they»now ai'e, much of the gravel must have 
been'derwed from the Jurassic apd Crystalline 
vocks, but these are comparatively scarce, no 
doubt because at the time the gravel was oeiiig 
carried down the central rocks now exposed 

•were covered by thick beds of the younger 
Secondary strata which have'^now disappeared. 

2. Some of the pebbles are fragments of 
rocks new only found on the Italian side* of, 
the central ridge. Tl^ey cannot of course have 
been brought over such a ridge, and they 
prove therefore that the watershed was once 
considerably to the south of its present line. 
We shall find other evidence in corroboration 
of this interesting fact. 

^3. Others of the pebbles differ from any 
"rock • now found i7i It has been 

suggested that this is because since their , 
removal the parent rocks-have been so com¬ 
pressed and contorted that their character 
and structure have ^been materially altered. 

The "features j^resQUted along the line of 



XIII 


tIte outer-alps 


• 28 ?. 


contact, between the Miocene* and Eocen^, 
present mucl^ difficulty, and have given rise to 
various hypotheses. Th'e strata are generally 
ccmformable, but this is by no meatife always the 
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TTi-fiit I'oi/s 


• ---- 

Fill. 8C.—Diaj;ram showing North shore of Alps in Miuceiin Tiines. 

case;.for iristance the Miocene si;;rata of the. 
Rigi abut against' the steeply inclined Eocene 
and Cretaceous beds of the Vitznauerstock 



(Fig. 85). These case^ have been accounted for 
by supposing certain districts to have sunk, 
and great overthrusts to h%ve taljen place. 
Burckhardt eitplains the" general concord. 
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ance, and occasional’ cases of discordance, by 
sii^posing that in the latter the Miocene strata 
were deposited in deltas. I'or instance, Fig. 
86 is a ^itigram representing a deposit af 
Miocene" strata in a delta. Now suppose a fold 
ft) take place, we should have the arrangement, 
shown in ftg. 87. If then subsequently denu¬ 
dation took pl^ce to the dark line'X, the eom- 
])arativ5lycsoft Eocenb strata suffering most,* 
we shcwld have ff section not unlike that of , 
the fcgi ftud the Vitznauerstock^.(Fig 85.1. 



• 

• Mount Pilatus ' 

. ‘ 

Mount Pilatus consists of Urgonian, Neo- 

comian,* Cretaceous, and Eocene strata strongly 

Tofded. The ridges are mainly formed of 

CJrgonian. Kaufmann^ describes "five b*tfc- . 

cessive folds at the nortii extremity, which 

is the summit. Towards' the south-west 

these folds are reduced to three, ft well 
, 0 

« ' BtU, z. OeoL JC, d, L v. 

c 
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deserves its ancient name of M<f)is ffactm —• 
the broken mc^unt^iin. 

From Staad, at the 


e:^tremity otf jj/he Lake* 



• Kio. 89, —SeetioA tliroti^li Mount I’llatUH. 


of Alpnach, the i;ailway rises with a very 
steep gradient on ’the south-east flank of the 
, mountain. It crosses obliquely first the 



Eocene, then Urgqpidn, as far as the torrent 
of Woljuft, where it crosses the fir^t Neocomian 
anticlinal. It then^enters the JEocene synclinal 
of Matt, touches the calcareous summit of ,psel, 
. * u 
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^nd terminates on the precipitous, slope of 
Ur^onian. r 

' The ^two hotels^’ (Bellevue and Pilatus 
Kulm) ar^ situated tit the extreniity'^ of the 
Eocene synclinal, ensconced'between the two 
^ banks of, Urgonian which form the principal 
summits of the mountain — the Esel and 
Oberhaupt. » 

Behind the hotels, a zigzag path crosses 
the^ridge of Urgonian by the Kriesiloch, and, 
traverskig the folded Neocopiian strata de¬ 
scends to the Klimsen Hotel, which is situated 
in ahother Eocene synclinal. The .two principal 
ridges of the mountain, those of the Tomlis- 
horn and 'Matthorn, are formed of Schratten- 
kalk (Urgonian), while the valley which 
separates them is an Eocene synclinal — a 
contintiation • "of that in which the Hotel 
Bellevue sfands. 

Glarnisch Double Fold 

In some cdses the strata have been pushed ' 
for copsiderable distances one over the other— 

§i fact which might seem incredible, but of 
which ysre have welUsstablished instances in 
the Scotch highlands and'else wheiie. ' . • 

One of the most wojiderful cases occurs in . 
the mountains between the Linththal and ithe 
Rhine. The strata have been compressed in a 
great "double fold, as. is shown in Fig. 91. 
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fold seeme<3 so irtcredfble that 
qjtuder, by wh^m if was liret observed, hesita’tefl 
to publish It. The subsequent researches of 
Heim seem, however, to place if beyond a 
doubt. Fig. 91 a section from the Walensee 
showirfg the remarkable folds of the Chur-* 

FlbiT’ valley at Wjildhaus 


Quimei) IglsQaifflm ^AlensM 


Mag^ I ^amailea 

_. 

f» r% ~ 



V..y 0 J 


M, Miocene** 

V. &c2.W/’ D. DogKcr; B. Ra’^chw^ke ;* 

Jhe manner in which the double f»ld Hies 
e^iai^ d^^^ has not yet been clearly 

^h^l^arnisch and the Silberii^also present 
a stupendous exainple of inversion, the,strata 
oeing folded back upon themselves, so thajb we • 
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iiave Niftnmifiitic limestone at the base, followed 
By'Jurassic and Cretjaceous strata. 

I ought however to say that Kothpletz* 
has ^ p]fopounded another explanation, based 
^on faults and overthrustsi^ which however 
also involves tremendous changes. 

Klippen 

>! liave Teserved to the last the consider'= 
ation of certain mountains, for instance ^ the 
My then, Stanzerhorn, Buocbserhorn, and 
others, known as “Klippen,” which present 
problems of great difficulty. * 

It has iJeen already mentioned [ante, p. 285) 
that the Nagelflue gravels consist in part of 
pebbles of unknown origin. , 

The blocks of granite known as" Habkem 
Granite', because they exist by thousands in 
the Habkern valley on the Lake of Thun, 
belpng to a variety which not occur 
anywhere in the Alps. Prof. Ileim suggests 
c 'that they perhaps represent some of the Alpine 
Granite before it was crushed Qnd folded 
during the elevation of the Alps. 

The blocks are s6metimes of great size; 
the Berglittenstein on !he Grabserberg, for • 
instance, has a length bf 40 feet.® Another • 
is 105 feet long by 90 broad and 45 sfeet 

" 1 HeoUdonische 

Qnereaa, BeUr, z.*0eol. K. d. Schw., L. xxxiii. 

' *■ e! 
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above ground.^ In some cases thby attain the, 
dimensions of^small hills; so that we have'ill 
fact every gradation of size from a meje pebble * 
to ^uch a mountain as th^ Stanzerhbrn. 

Fig. 92 represents a section of the Roggen- 
artock, ‘•and it will be seen that the more* 
ancient Trias§ic-i and Jurassic rocks ^est on 

the more recent • Eocene *beds, below which 

• • - » 



again are Cretaceous strata in regular arrange- 
• ment, and with regular normal folds. ’, 

The fltrata in the “Klippen ” slope in the * 
most diffe^Bnt directions; they are sometimes 
in the normal order; sometimes, as for instance 
^ in *the casp of th§ Roggenstock, reversed, 
the younger ones , overlying the older; 
the different kind» of* rocks are mixed to¬ 
gether •ift the utmost confusion, they are 

, 

* Mnrehison, “Structure of the Alps," Oeol. Soc?, 1^48. 

• *« » 





^294 SCENERY OF SWITZERLAND chap.' 

,fractur^, cfushedl, contorted in the most 
Extraordinary manner, perpetrated by veins, 

■ crossed ^by innumerable surfaces of sliding, 
and in fact have evidently been subjec^ted 
to the most extreme violence, while the 
Cretaceous and Eocene rocks below lie com> 
paratively undisturbed. 

The •“ Klippen form most conspicuous 
features in the landscape. To use Kaufmann's 
graphic expression they are “eckig, liQckerig,, 
fissig uiid rauh,’' and rise in abrupt pyramids 
'with steep, sharp points in striking contrast 
with the rounded grassy slopes of the Eocene 
and Cretaceous layers by which they are 
surrounded and on which they rest. 

Four theories have been suggested to 
account for these remarkable mountains. 
First, that they were pushed up by subterranean 
forces ,thr<pugh the more recent beds; second, 
that they were islands in the Sea and that 
the^ more recent beds were deposited round 
them; thirdly, that they ar© part of an 
<, inclined fold) of which the upper part has 
been .removed by denudation; an4 fourthly, 
that they are the remnants of great over- 
thrtlsts, , .% 

It seems clear that the first supposition « 
is untenable. The Klijfpen ” have no “ roots.” 
They rest .upon the more recent „stmta. 
The Schien grqup to the N.E. of Schwyz 
is cub to the ..base • by a 'stream, so that it 
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takes tbe form of a \j,*and the tesult ig 
to expose tl\p ^lysch, end show that 'tfje 
other rocks actually resttipon it/ » • 

^Moreover, the more* recent lArata show 
little evidence df disturbances; they pre'sent 
410 traces of the fracture and crumpljng which* 
they must he^ve. undergone if the “ Klippen ” 
had been forced np thvou^h thenj. • 

The second suggestion, namely, th^t they 
• were Jjslands Jn the Eocene and Crei!h(^ous 
seas, is also gintenable. The Eocene and 
Cretaceous stjrata surrounding the “ Klippen ” * 
were evidently deposited at a distance Yrom 
land. 'They, do not contain the remains of 
a littoral fauna; /ind if the “ Kli^^pcn ” had 
stood up in the form of lofty islands, many 
pebbles from them must have been deposited 
ki Che silyipunding waters. * • 

Nor do the Klippen appear to be the mere 
remnants of an overlying fold. It would be 
somewhat difficult to condense the strong geo¬ 
logical evidence brought forward by Quereau 
against this theory. I may howcAfermention oms; 
reason, napaely that the rocks of the “ Kljppen ” 
present a very different facies from those of 
the same age in th^ immediate neighbqprlmocl; 

' for* Instande, the Neocomian of the Roggen- 
stock differs great^, from the Neocomian 
of* thg jsurrounding district, yiie basis of 
the “ Klippen,” moreover,, ^where th^ rest 

' Qaereau, JBeitr. z. Oeol. K. d, Sekw., L. xxxiM. 
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i^pon the Eocene, is a breccia, indicating that 
the‘ upper strata have been pushed bodily; 
over the lower. 

We find ourselves then driven to the 
conclusion that these mounfeains have been 
iiterally pushed into their present position ;• 
that they are the last rempants of a 
range which, has disq^ppeaiied, and which 
perhap^j cupplied ihany of the enigmatic" 
pebl^les of the 'Nagelfiue. Xhe^range was , 
once continuous or nearly so, ,the fragments 
remaining, though now towering over tne 
surrounding plains, owe their preserva¬ 
tion to having been originally^ in ar deep 
' trough. The “ Klippen ” attain still greater 
importance to the west, where they form 
the mountain groups of*, the Stockhorn and 
the Chablais. » ^ . 

Ilaug^ and Lugeon have suggested that 
they have been forced to their positions 
fro,ni the Briangonnais, before lEhe elevation 
^ the intervening mountains : that the whole 
of the Pre-Alps from the Arve to the Lake 
of Thun in fact is a vast zone of overthrusts 
fromi™ the other side ®f the range of Mont 
Blanc. “ ‘ . 

No doubt the strata ^present very much 
the same aspect as those of‘^the Brian90iinais, 
and were evidently continuous; but while 

• Haug, L'Qrigine dea Pr«-Alpea Romayuies. 
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the existence of an ovefthrust seems to 
demonstrate^, further .evidence is still* »e- 
quired as to the locality from.which they 
^re Wought. • • 

Other great ^ases of overthrust extending 
• for several miles have, as Quergau poinm 
out, been es{;abjished in Scotland, in Provence, 
in the Appalachians,.and as have already ‘ 
*seen, by Heim in Glarus. • * 

, TiTjirriTTTiFi lirmTrrr imprbbabJe, not*t^ say 
impossible, this explanation may at first sight 
appear, we ^ must remember the enormous 
disturbances of whigh we have the clearest 
proof* As, already mentioned itf has been 
calculated that the strata which'lie between' 
Basle and Milah, a distance of 130 miles, 
would, when extended, have occupied 200 
•miles. , *• * 

The origin of the “ ^^lippen ” ^s still, how¬ 
ever, a matter of discussion, and in ^e most 
recent memo^irs on the subject, M. Ch. Sarasin,’ 
and M. Schardt,^ differ in several respects* from 
the conclusions of M. Quereau.' •, 

• ^ Arch, de Oentve, 1894. • 

* Schardt, “Struct. Geol. des. Pre-alpes,”i?t6. Univ., Gen^!ve, 1892. 
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CHAPTER XIV , 

“ . • 

CENTRAL MASSIVES ■ 

The Alp^ are not, strictly speaking, a tchain 
of mountains, but rather a series of bosses, 
or “ central massives,” to use the term of the 
Swiss geologists. 

Speaking*^ generally, we may say that the 
Central Massives have Gneiss as the central 
rock with Crystalline schists, of uncertain age, 
on the Mdes; *■ followed by other rocks tm- 
doubtedlf of sedimentary origin, but so much 
metamorphosed that it is in many cases diffi¬ 
cult, or even as yet impossible, to determine 
their geological position. 

, ‘ The Central Massives were at first regarded 
as grand, but simple arches, and this iippression 
is .still widely diffused, partly because in the 
small'generalised sections which alone can be 
given in text-books, it is Impossible to give 
details. . * 

Their structure is much more complex than 
would be inferred even from the largest geo¬ 
logical maps. In Studer’s excellent map, for 
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instance, the whole oi the St. t^otthard royte 
, from Erstfe|/i tQ Lugaiw is colored as Gftieiss, 
with^ the exception oT three belts—that bf 
Yrotogine from Waseif to Gosch*eiien; of the.' 
Secondary stra«a which constitute the*Urseren- 
^al* and another Secondary belt forming tfie 
Bedrettoth^l, and crossing the Ticino at Airolo 
^ to the Val Pmra. ,Th*e great Swiss Dufour' 
map ^ow» that the structure is fa? from being 
so si5jpte>tMiyn fact no map can adbqliately 
sho waits real a;omplexity. The folio Vising figure 

u % ^ complexity o*f * 

the St. Gotthard Ma^if. The whole tendency of 
recei^ researches has been to demoftstrate that 
the structure of, these “central Passives” is 
much more complicated than had been at first 
supposed—^^to confirm Saussure’s wise saying 
• thbt “ |ls,giebt in den Alpen nichts Cbnstantes 
als die Mannigfaltigkeit.” , • 

In this respect, however, the massivcs differ 
considerably^. Monte Rosa, for instance, is 
simpler than the St. Gotthard. Indeed,, the 
southern Gneisses are, as a general rule, milgh 
less contorted than those in the porthern 
massives. 

\ ^The strata fqrm "more or less .lenticular 
masses, ftnd are Very varied in composition , 
and structure—^ the. Gneiss itself presenting 
Hiapy varieties. * 

The Gneiss, Granite, Pfotogine, and even 
apparently Mica Schist pags almost ^ impel- 
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ceptibly ilito dne another. “ The changes of 
texture and conditionf” says. Escher, “ vary 
n6t only ^nc different* layers, but even in 
different. parts of the* same layer, so that 
we often pass from one extreriie to the other 
by imperceptible gradations.” 

Grubenmann,^ who has recently published 
a special memoir on the. Granites of the St. 
Gotthard, suggests that they may all have 
been HeHved from an origin a|ly-e'r:irllar rock, 
modified by differences of pressiare and''tem¬ 
perature. Schmidt suggests that we find 
normal Granites in just those parts of the 
central ma^ives where we should expect the 
pressure to be less extreme,,while Protogine 
occurs in the more intensely folded parts. 

Heim has pointed out* that many rocks 
which in‘hand specimens might welLbe taken 
for Granite a?re shown to be really stratified if 
seen in larger masses. As already mentioned, 
he regards some varieties of Gneiss as part of 
the .original Earth’s crust. He regards parts 
o^*the Protoginb as compressed Granite, and 
some of,the Gneiss as compressed Prptogine ; 
whjle other Gneiss masses he regards as meta¬ 
morphosed sedimentary crocks, and he referc 
to places where the one pa&ses imperceptibly 
into the other. c ° 

Duparc and. Mrazec,® who have especially 

® ^ Verh. Th'iirgaisch. Nat. Cks. 1890. 

• Arch. Sc. Phya. et Nat. de Geneve, 1892. 
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studied^ the Protoginc hf thte M©nt Bla/ic 
Massif, regard .it as •a granulitic Granite, 
“presentant une disposition en bancs pltls 
Jfu moins epais, acqui«3 k la sifite d’actions/ 
dynamiques nlt^rieures a sa consolidation.” 

Oil a larger scale the sections shpw repeated 
successions, oi similar rocks, and the more 
they are examined Jbhe* more ^jornplicated do * 
they appear. 

In^^lU'"j4i(yi;^profile we fiild Granite tcj^eated 
at least nin% times, Gneiss-Granite»ten times, 
l^ycd-gneis^ Mica Gneiss, and Gray Gneiss * 
several times. In thp Reuss Valley the Granite 
and ^rystqjline schists alternate s6mc twenty 
times in a distance of 4 km. The Grseren 
fold is itself dotible. These changes may in 
some cases be due»to faults and overthrusts, 

• bift iif. general appear to *»indic£fte folds. 
Baltzer considers that^ the Aar^nmssif com¬ 
prises at least six.^ 

The following figure (Fig. 93) representing 
the section »of the St. Gotthard Tunnel, ‘shows 
this complexity very clearly. * • 

TBe* existence of “bosses,” such as the 
great “ massives,” would naturally follow from 
the general view ,of the Swiss Alps, yhi«h lias 
bfefin given above. It would be most im¬ 
probable in any cdsg, that we should have a 
sttmglq succession of ridges extending the whole 
length of the mountains, ^nd especially so in a 

^ Baltzer^ Beitr, z, Oe(A. K, K x»iv^ 
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curved chain, such as the 
Alps, l^oreover, we find 
a’s a matter of fact, that 
folds rarely extend the 
whole length of a range. 
In the Jura, for instance, 
which extends over 300 
kni., the folds have 
lengths of 1-2, 27, 28, 
31, 48, 

and in one.^case 168 km. 
respectively. The length, 
I may add, has no re¬ 
lation* to the height. 
Thurmann calculated 
that fol* the whole Jura 
there are no less than 
160 folds, thoygD there 
f.re never more than 12 
in any one cross section. 

As a rule the strata 
on the northern line of 
the Central Massives are 
inclined at a high ‘angle, 
and indeed are in places 
pecrpeitdicular. This may 
be said to be the rul6 in 
the, centre, while they 
are less’ steeply iijcUned 
at the sides. The inclin¬ 
ation, however, instead 
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of being, as might at firsf sight have been ex¬ 
pected, awa;^ from the,centre, trend towards 
it. Indeed, so extremd has been, the pressufe 
^at the central ranges have been Squeezed into . 
a fan-shaped structure, long ago no1;iced W 
Saussure, well described by Studer, ])ut first ex¬ 
plained by Loi^^. In some cases, as for instance 
in the Massif ©f thq Mdnt Bljvic,*the fan can ' 

* be traced into an ordinsiry anticlinal. * Fig. 25 
, gives TPut nlj^ip^across the Mont Blanc fa^ge. 

Al^imilar ^n-shaped structure occurs in the 
3t. Gotthard^(Fig. 26), the Grimsel, the Silvretta* 
etc.,^ndmp.y indeed be said to occur in Till the 
northern Cfystalliae'Massives of tli« Alps, but 
not in the Ticino^ Adula, etc. It has also been* 
found in the Pyrenees, in Pennsylvania, and 
some other mountain ranges.* 

• •Fig^94and 95,showing the folds assumed by 
layers of clay, sand,etc.,ip two of Mf- Gt^ell’s ex- 



Fio. 94. 

Oiagiams showing the stpucture of Folded Mountains, a. 


periments, compared with the section of theMont 
Blanc Massif given in» Fig. 25, or that of the St. 
Gotfihard in Fig. 26, show how the structure of 
these mountain Ranges may.have originated. 

^ Favre, Recft. Oeol.fiii. 

> > 
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^ In attempting to understand the structure 
of4;he Central Massives, the first problem which 
confronts us is the triie nature oi the Crystal¬ 
line rocks! 'They were long regarded as in 
trusive plutonic rocks, which*;had forced up, 
hnd were therefore younger than the Secondary i 
strata. As already mentioned, Jiowever (ante, 
p. 32), they ^e no^;i^ regarded as essentially 
passive,''not active ; hot as having forced up ' 
the ^efeondary rdcks, but ag_J[w*»4iig" been 
forced up with them by me ^ same lateral 
pressure ; as. being of extreme antiquity^ and 
indeed in the opinion of some geologists as 
part of the'^originul crust of the Earth. ’ 

Some Svt’iss geologists consider that the 
Crystalline rocks had been riot only denuded, 
but also much folded befose the deposition of 
the Secoftdary strata; other great autnorities, 
as for instance Heim,,jdispute this; they con¬ 
sider thSb the earlier folding was comparatively 
slight, and that in the main the folding of 
the^ Gneiss and the Secondaryi strata was 
simultaneous. ■* 

The Central Massives, the Mont Blanc Massif, 
the St. Bernhard, Monte Rosa, Aar, St. Gott- 
ha'rd,‘Adula, etc., are afc present more or less 
completely detached. 

It has long been a question whether these 
mountain masses should be Regarded ^ inde¬ 
pendent centres of ^elevation or as parts of a 
general system. ^As long as*mountain chains 

* r 
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were regarded as having'befen thrtist up from, 
below by volcanic action, the former vfev# 
seemed most probable. * , . 

^he'structure of the rocks affords* no con¬ 
clusive evidence.* They agree no doubt in 
general* character. The Gneiss of ^the Aar * 
Massif cannot b^ distinguished from tliat of 
the St. Gotttarcl Ho^picfe. Tbe JProtogine 
afso repeats itself. That of the St. Gotthard 
JMassif fl!T>i!!a:»«.^/j^els to Somv^x ia ])raci*ic4lly 
identical with t^ia^of Mont Blanc. * 

Gn the other hand, the funflamental rocks 
are very similar all over the world. Moretfver, 
underlying t|jis similarity there are consider¬ 
able difterences in detail. ^ 

These difference's may be in many cases 
^ due to mechanical causes—those, for instance, 

* batwcen the St. Gotthard and tll« AduJa, per¬ 

haps to tFie fact of the,former b^eiri^ more 
compressed. It seems clear, however, that the 
rocks in each differ as much as those between 
different “ maasives.” * . 

Moreover, as the rocks included in the folds*^ 
between'tBe massives are of the same age, we 
can hardly doubt that this applies to the 
ma^ives themselves. Here also the (jnakigy 

• of the Jura is very* instructive. The bosses 
there are not on so g^and a scale, they are 
not» formed of sucA ancient rocks, and they 
are not so far denuded ; but jthey are clearly 
parts of a system, and I cannol.doubt that the • 

X 
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^ame is ^he CRse wfch the great massiYes of the 
©eatral Swiss chain, t 

* The Granite is no* doubt for the most part 
of great arftiquity, pebbles of it occurring *4n 
Carboniferous Puddingstone<; it crops up in 
*many places, now more or less detached, 
and there were probably -several distinct 
eruptions, of. this ‘roc^s; btt the action of 
subse^ueat denudation has divided many 
trat^t^ which unquestionably^j p Mi e »’* §H ce con- 
tinuousf- Some Granite is no doubt intrusive. 
This is shown by the fact that the rocks ntbar 
it afe in many places forced up and modified 
by heat. Still it would be a mistake to regard 
the Granite as having been the active agent 
of disturbance; it was, oii the contrary, it¬ 
self forced up by the general side pressure. 

In soilie cases it appears not to haV6 entirely 
broken tlp^ough thg overlying rocks, but is 
exposed in deep ravines.' 

I have already shown that the Central Mas- 
sjvcs were once covered by a gr^t thickness of 
•Secondary rdcks. Apart from this evidence, 
however, we must bear in mind tliaf Gneiss, 
Granite, and Crystalline Schists inust have 
cooied^under great pressure and at a great 
depth. When we stand on such a rock we , 
must in imagination replace over it several 
thousand feet of rock no^ removed. Gneiss 
would as it apprgached the surface gradually 

^ ^ ^ Theobal<^ Beitr.^z. Oeol, K. d. Sehw., L. iiL 
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have assjimed a totally flifFeront character^ 
the superficial parts probably not differing 
^eatly from modern lavits. , • 

»»The%e upper layers vtere remote^ by de¬ 
nudation, and on itlie surface thus exposed’was 
deposited a great thickness of Sedimentary* 
rock. Figs. 25, and 26 show that on both 
sides of the Moat Blanc 'Massif, and *that of 
thfe St. Gotthard are folds’of Secoudaiy Strata; 
,these mast •b^ye been originally* contiAxi^us, 
and ha-^ passed ^er the intervening moun- 
tairis in a great arch. 

Sorhy, a^’already mentioned, considered 
that the Granites examined by him Imd cooled 
at a depth of no less than 30,000 feht. 

While, then, we have still much to learn sis 
to the structure of these Central Massives and 
theii* relaBion to one another, there are "strong, 
not to say* conclusive, reasons for^ ri»^irding 
them—• 

(1) As an integral part of the general 
Alpine systemj not as independent centres pf 
upheaval; and (2) as complex systems of com*^ 
pressed folds and faults. 



CHAPTER XV 

THE LAKE OP Gi^EtA 

C 

’Mou Lac pt le Premier. —VoLfAiRE. 

The Lfitke of Geneva is 46 ijfiiles iA.length, 
and about 10 in breadth. It is 375 me'tres 
abo^e the Sea, and 309 in depth'.. 

The bottom, moreover, is covex’ed by 
subsequent deposits to an unknown depth, 
so that originally it was probably below, 
perhaps much below, the Sea level. Indeed, 
if the dopes of the mountains at Mdllerio and 
Vevey (se^. Fig. 100,) are continued under the 
bed oi the lake, the alluvium must have a 
thickness of no less than 600-800 metres, which 
would make it 200-400 metres Jbelow the Sea 
Jevel. The ahtual outlet at Geneva is in super¬ 
ficial debris, but the river comes upon solid 
rock at Vernier, 1197 feet above the Sea 
ievd, ?3 feet therefore bebw the surface level 
of the lake, and 951 feeli above the botuom. 
It is therefore a true rock basin. 

. In the Port of Geneva, a little to ^the 
S.E. of the Anglais, are two erratic 

blocks which project abovfe the water. They 
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are kiio\^ as the Pierres de iJiton * and it* 
is said that in Boman jSmes sacrifices wer8 
offered .to Neptune upon them. • 

*rhe Lake of Geneva* has somewli^it, the 
form of a crescent, and if we remember that, 
the valley, as far at any rate as St.* Maurice, 
if not to Bri€g,« was onc§ part of the lake, 
tbe resemblance hiust»h^ve been 5Veii more 
marked formerly. Port Valais is supposed to 
have be^ oh tho-J^Jee in Roman thnes. • 
JThe •primary rocks nowhere malie their 
appearance round the Lake of Geneva. The 
east end of ’the lake »is a transverse valley 
cut through • a succession of synclinal and 
anticlinal folds ip strata extending from 
the Triassic to the Tertiary. The rest of the 

• lake from^Glarens on *the north, and Meillerie 
oh fhe Sduth, lies in Miocenfi (Moll asse), 
which, however, is in nfany placts ‘covered 
by glacial deposits. On the south especially, 
these attain a considerable thickness. , 

Most of the promontories round the lake 
are travelled by a stream; they are, in fact% 
river cones. That of Yvoire, however, oannot 
be so accounted for; and Favre ^ has pointed 
out*that it is, in fact, •a great moraiue. * It 

• is one* of the most picturesque districts of the 

• whole shore. The \dew of the lake, the magnifi¬ 
cent groups of chestnuts, and the innumerable 
erratic blocks, give^t quite, special character. 

* G^ol.*voh i. 
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' The plain on the south side ofthe lake, 

, ani even the high “lierrace -of St. Paul, abov-e 
Evian, is ^entirely erratic, and due , to the 
confluence of the ‘ancient glaciers of the 
r Rhone and the Drance. The deposits attain 
an immense thickness in the valley' of th'fe 
Drance, above Thonpn, from the study of which 
Morlot mh,nj years,ago convinced himself pf 
the, e:^istence of p,t least two glacial ^riods. 

The chain of the Voirp^ie’ is ah a'^iticlinah 
N.S. ridge, overthrown to the'^west; Rnd.the 
arcl^ is more or less profoundly broken to the 
Flysch, the Neocomian^ or even the Malm.^ 

The conantry about Vevey and Mbntreux 

SE 


n 


Fia. 06.—Section across tho Valley of the Veveysc. jui, PudtIingMtone; mr, 

Miocene Rouge. 

«? < 
is the Riviera of Switzerland. * It is lovely 
how, but what must it have been before the 
monotonous terraces of the vineyards and 
the endless rows of vine bushes replaced 
the* ancient forests df Chestnut, Birch, jand 
Beech; and the picturesque Swiss chalets * 
were extinguished by whitewashed villas and 
gigantic hotels. 

Morlot first ^called attention to the exist- 

Renevier, Add. Pres. Soc. Jlelv. dcs Sc. Nat. 1893. 
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ence of fault to the west of VeV-ey. It 
bhgins at* Gonelles/^ just to dbhe west of 
the towiip ahd goes in the direction of Phdtel 
St. Pejiis, following* for some distance the 
pght bank of the Veveyse. ^ 

The cone of the Tinihre is particularly” 
interesting from th^e attempt- made by M. 
Morlotj to*^ calculate^ roughly the date of 
the , laterStone Age in Switzerland. He 
estimated fof the age of Bjtmze an antiquity " 



» 

Fio. 08.—Traiisverno PixiHle of the Valley of the Tinl^re, near Villeneuve. 


of from 2900 years to 4200 yea^js, for that of 
the Stone period from 4700 to 7000 years, for 
the whole cone of from 7400 to 11,000* years. 

At the eastern end of the Lake 6f Geneva 
(Fig.*,97^ the strata arp thrown into a series 
of arches on the north side^* Messrs. Rencvier , 
and Golliez give the follov.dng series ;— 

1. Anticlinal valley of the Verage at J/iman. 

2. ^nclinal r^ge of Sonchaud at Naye. 

3. ^ AnticlinaLvalley of the Tinidre (Fig. 98). 
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4. Synclinal valley (ft‘ th^ Eati Froiiie 

.(Cretaceous ^nd Flysch]* • • • 

5. ^ Anticlinal Cirque of Corbeyiaer(Triassicy. 
• 6 . Synclinal plateau Leysin* * 

7. Anticlina> valley of the Grancle* Eau, 
• exca\^ted down the Trias. * 


The Touf (?Ai which,fonns so coiispicuous 
•a feature in the landscape at the ^eastern end 
of the Lake of Geneva is, 04 shown % Jfig. 99 , 
the point of a br^sken arch of Mfflni. ^ • 



Kia. 9“.*.—Stscliol* across Uic. Tour il'Ai. 


Frftni the Rocher de Naye, now accessible by 
a mountain railway, there is a glorious view. 
To the east ^e Bernese Oberland, further* vjest 
the Dent du Midi and the extreme summit 
of Mont,Blanc, to the north the gre§t plain 
of Switzerland, around us the Pleiades, etc., 
the Tours d’Ai anjJ dep Mayen, a wil<jerifess*of 
rifl^es and valleys, ’gray precipices, steep bright 
green grass slopes, hv)ttled with dark masses, 
p«.tclje 4 , lines, ancf groups of pines, below which 
are paler green deciduous trees, and at our feet 
the blue water of the Lake o€ Geneva..* 

^ I 
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, CoNFO'RMAtIoN of THE LAKB^ 

• ’Though* the form •pf the -lak* is in itself- 
so simple, *tl|e lake is in reality formed of twc^ 
converging basins: that of the east which is*a 
(yoss valley, while the western half, like the 
Lakes of NeuchS-tel, of Bienne, and of iSlorat, * 
follows the directioi^ of the ^ufassic chains 
and the anticlinal axis of the‘Mollasse. The* 
Petit^Lac,*the La]^e of Neuchatel, and that of 
Bienae may Almost be said^o form ojte lake 
.basin. It probably originated* at the^ same 
time as the mountains, which have thecsame 
general curve as that part of the lake.^ 

. The eastern end, on the* contrapy, a»*far as 
a line crossing from Vevey^to Meillerie is a 
transverse valley or cluse, cut through the 
Secondary and Bocene strefta, which arg thrown 
into a succession of synclinal and»4t.nticlinal 
folds. greater pad-t of the original “ Haut 
Lac ” is now a plain, filled up to an unknown 
depth by the deposits of the Rhone. The 
“ Haut Lac ” is in fact a transversfe river valley 
c*fb out by the fehone, and subsequently^ owing 
to a change of inclination, partly filled mp again. 

, This distinction between different parts of 
the l^e*is to some extent* recognised in^the 
» local nomenclature, the eastern end being 
known as the “ Haut Lac,*^’ ^'he centre as the 
“ Grand Lac,” and the narrower western efld 
as the ‘VPetit Lac.”» , 

FaMte, Hee/f. Geol. vol. i. 
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Thtf water of tlie RlTone from Its greater 
density sinks rapidly ^low the blue watef of' 
the Jake, but the fine mud is carried halfw&y 
across the lake, and coVers the bottc^m^ lus far* 
as Amphion an*d St. Sulpice. 



Scale: horizontal 1:200 000'’. v^tical l'^5 000 ■■ 

Fk.WOO.—P roHIfi acruvktiic I^ahe of Qciievn from Ciillv to Mcifloric. 

• • ^ 

"^fhe “ G|;and Lac” is bounded on the north* 
by Miocene Mollassjp, on the south asf far as 
Touf-Jlonde by Lias and Jurassic,•and further 
to the west by immense alluviJl and glacial 
deposits. The centre (Fig. 100) is oticupied by 
an almost horizontal jjlane at a depth of 300 
nfeticg^ijidicating that the a^luviuih must be 
of great depth. 

Hie western half of the lake is in 
almost ho^zontal strata, of middle Miocene 
Mollasse. 'It was therefoi-c excavated after 
the middle Miocene, and before the close, of 
the (Hapial epoch. , 

As already mentioned, there is some reason 
for supposing th^t tl*3 Petit Lac wa^ originally 
tJhS valley of the 'Arve. It presents a general , 
inclination from Genieva to Morges, but with 
■OBQ^ ^lightly niarked basins, owing to trans¬ 
verse banks, which FoseJ considers to be 

ancient moraines. Tke sides, moreover, like 

^ * 
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those of ah ordinary river valley, slope more 
or 'ie^s tow&rds the centre. I hfive already 
{ante^ p, given reasons for thinking that 
the outflpw of the waters was formerly, not* 
at^^Geneva, but between Morges^and Lausanne, 
to the Lake dof Neuchatel. 

The fcjlowing figure gives the profile from 
St, Prex to Amphion. c • 

s* p ' A 


<• Scale; horizontal 1:200 000«, vertical 1:25 000* 

Fio. 101.—Froflle across the Liake of OenCva Honi St. Pre;f to Amphion. 

<* • - 

• It must always be rememberedT th^t the 
vertical and horizontal scales iBi this and other 
similar figures are quite different. They bring 
out clearly the s^pecial point which they are in¬ 
tended to illustrate, but in other respectS'iin^ht 
give an ^rrofieous impression. We generally 
think of the Lake of Geneva as deep, but taken in 
relation to its area it might almost be described 
as ^‘film of water (see Fig. 68). 

** Between Yvoire and Rolle, and at a depth 
of 60 metres, is a remarkable bank khown as 
the‘ Oipblibre, because i^ is the best fishing 
ground for^thc “ Omble Chevalier,” which come'^ 
there to breed. It is an old moraine, and is also 
remarkable because a moss ('Kiamnium alope- 
curum, var. Lemani) still lives on these stoiles.^ 
The “‘blue watel-s‘ of the arrowy Rhone ” ^ 

I ‘ Forel, Le lAman. 4' * Byron. 
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“rush*out with a (feprti of* 15 feet,” s^s 
Ruskin, “ of not llowyig, but flying wa^r; ' 
not water neither, melted glacier matter, one 
ehoiHd call it; the fore# of the icc fb in it, and * 
the wreathing tof the clouds, the glftdfiess of 
the sky, and the countenance of the time.” 

The remains of the lake villages show that, 
as in the oliheir great lakes, the ^urTacje level * 

* has varied very little* for several thousand 
years; for if the water le^el l\^d beeti dower, 
the iSinains^woilId have been destt’oyecl, and 
t)!! the other hand the piles c.ould not haVb* 
been fixed, in deeper water. • 

iV<tj)resent the la^e is maintained at a nearly 
constant level by dams and sluices at Geneva? 

The condition and configuration of the Lake 
of Geneva offer many difficult problems, as to 
, which fhere is still much diffd^ence of opinion. 
TbT'course of the Jihone belov^ the I.ake 
of Geneva is extremely curious “and in- * 
teresting. It presents many indications of 
comparatively recent origin, or at any rate 
of recent changes.^ At the Fort de TEcluse 
it paJ^sfes through a narrow cafion or gorge, 
several*hundred feet in depth, between the 
Credo (Cret d’Eaii) jtfid the Vuache Mountain 
(Fig. 77). The ^rge coincides with a change ^ 
in the direction of the mountain chain which * 
has^ according iio ^feourdon, given rise to a 

2 ^^Canondu Soe. Viol., France 1804; Schajdt, 

“Chainf db^ulet Vuache," Etlog. G*l. Helv., 1891.. 
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faylt, tho difference^ of level between the 
Cr^do and 4he Vuacl^p amounting to 1000 
metres. It tjien enters a plain, and at Belle- 
'.garde joins t^ie Valserine, which though the 
smallef Is really the mother criver. Imme¬ 
diately above the junction is the celebrated 
Perte du Rhone, where the riypr narrows to 
about 15 mefcreg,^ and when it i& low disappears 
more or less completely for 20 km. running in a 
deep,,Si8frrow, winding, and often invisible bed. 

This isr due to the presdiice of hori;fontal 

' layers, differing considerably in hardness. 

Fig. 1C2 represents a longitudinal, and Fig. 103 

a transverse, section—a, d are hard Calcareous 

Strata, 6, h softer layers. The boulders with 

which the river is laden, by degrees broke 

through the harder rock ia various places, and 

then beg9,n tOi*act more effectively *On the 

softer stratum below,, which they ^'a^ally 

ate intoTnore and more, finally meetings and 

thus forming a sort of tunnel sufficient to 

carry'all the water of the river? when it is 

low. The lower Calcareous layer has in some 

places been itself worn through, so that the same 

process is beginning a second time. "Neither 

the* Rhone nor the Arve«would by itself have 

been able to effect this. It° requires grawd 

and boulders, animated by* a sufficient force 

of water. The Rhone is lai^e enough, but 

does not carry down enough stones. The 

<• • 

* Lentl>4ric, Lc Shone, vol. i. 
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Arve lias plenty of graVel atid stones, but 
not enough ^floTy^ of wj^ter. Thus'the Bhtne ’ 
supplies the force and fhe Arve tihe tools. • 

• n*om the Fort de i»Fcluse td Selow Alai-.* 
pertuis the Rhone is not a river, but a torrent. 

• It ha* not had time.to approach its “ regiment” 
Below .Bell^garde the slope of the river 
^is the reverse, of t^at* of tl^ walfey. The ’ 
river slopes from Bellhgarde to .Aljllpertuis, 
the valley from Alalpertdis to BeHe^arde! 

The i;nrer fajls 2^ to 25 metres, the ground ’ 

• • • 


A 



Pia. 102.—Longitudinal Snction of the Perto dn Rhone. 


• rises over 200. At Bellegarde the gorge haa 
a depth of 200 metres, at Alalpertuis of 450. 

Thud while the river falls the valley rises. 

If the configuration of the surface Fad been 
formerly what it^is iu)w it is evident that Ihe 
Kver would have* formed a deep ^ake, the 
bottom of which 4t^ would have filled with * 
river deposits, itod ’round which should 
find‘traces of lake terrac^. Of such a lake 
however, there i& not a.trace. • 
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^ NearMdlpertuis the inclination of the^ground 
chinges, slowly at first, fifterwards more rapidly. 
Tiie slope of, the valley coincides with that 
.of the strearti, and at? Seyssel the Rhone b 
a river again. The relation «f the drainage 
to the surface is therefore very remarkabJe. 



We are driven then irresistibly to the conclu¬ 
sion that the'high ridge between the Perte and 
Seyssel is of comparatively recent origin, and 
that it was cut through byithe river as it rose. 

There'-has Been a law-suit goin^*’^i for. 
nearly two penturies ^between the Canton of 
Vaud arid that of Geneva, the former allv3ging 
that the mills, dams, etc., at Geneva nave 
raised the level of the lake, flooding some of 
their roads and fields. The evidencie they 
have produced seems conclusively to‘ siiow a 
slight elevation of the level of the water. On 
the other hand, the‘people of Geneva appe 9 .r 
to have proved that there '^as been no such 
change'(^level there. It ^seems possible that 
both ma'I^be^'right and that'” Geneva is even 
now slowly rising.^ Time will solve'’this 
interesting problejpa. , ‘ 
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The Siilhve is prolinhly a very recent niouiir 
tain, and thej;|3 is.some rtasou to thhik tlnft 4t 
^s stilly rising. A glance ut the maj) j^vill show 
tlfat it has diverted the* course ot thg i^rve, • 
which makes a loop round its nortli-easterp, 
end. The elevation of the mountiiin afi’c<'ts 


the slope of»tJi( 2 » river in oppositi* wa 3 ;s al>ove 
and below. Belbw, of*course, it* iirc]‘cjy>es the 
slopp, and iif cons(“quenc«' tlic Arve hl>s cut out 
• a deep, ^larrow gorge*, almost a canon. Alwve, 
on the •contrary, the slo 2 )e is diminished, ami 
thb vajley cluyiged almost into a i)lain with a 
broad shallow riveT. «f\s soon however as the. 
elevatiSiwof •the 8al^ve ceased tlic riTcr would 
begin to eat into Jliis plain, especially as the 
alluvia are very loose in texture. This process, 

. . M. Bourdon * says, is mtt yet beguij, showmg that 
the elfivaium must have Ix'en in* jiroccss very 
recently, if it has even jjmv altogctliei*(teased. 

On *the whole it seems probable that the 
. two ends of,the Taikc of (hmeva represent 
the river valleys of the llhonc and the 
Arve respectively; that they met the Dransl^# 
opposite*‘combined river 

ran north to the Lake of ^ N<juc-hatel; that 
an ^elevation of thi\ larftl then damm<id hack 


the^ater, giving rise to the lake ; and^ lastly, 
that the cutting ^ot* the gorge at ^^rt de 
TEolus* ^ave the'lake its present exit to 
the west, and gradually lowored the l|^v^ f ’ 


‘ null. S'»<\ /■/<•«/.,T’aris 1 






CHA1>TER XVt 

0 

. . THE MASSIF OF MONT BLANC 
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-iN 

II y a (Ians la nature ccjnirae dansdes arts ues choses 
difficiles a comprendre, qu’on doit voir ou entendre 
plusieursi’ois pour en saisir la grandeur; il en est ainsi de la 
cliaine du Mont Blanc, plus on la.voit et la parcoi\vt, niieux 
on e,n saisit Ifv beaute. ' ‘"'Favue. 

The Massif of Mont Blanc is elliptical in 
outlinCji^ about; 30 miles^in length, and 10 in , 
breadth, ext(:nding from S.W. to-N-K ircm 
the C!pr do Bonhomme, across the Valais at 
Martigny to the Bents de Morcles, the 
extreme N.E. portion being severed from 
the rest by the Rhone. 

o* It consists mainly of two unequal ranges 
(see Kig. 104), the lesser, that of tl]e Aiguilles 
Rouges on the N.W. and the greater Mont 
Blanc .range on the 'S.H., separated by the 
longitudinal valley of Chamouni, and bounded 
by two others, the Vabee de Sixt on the north, 
and the Val Ferret on the south. , These 
valleys have been greatly deepened by erosion, 
but. a!i’e clearly due in the first instance to 
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geotectonic action. Tims the Val Ferret* 
e.xtends from jthe*Alice Blanche on the wes^,^ 
to Sembranchier on the east, but witji higliei- 
poftions at the Alice BTanchc and the,(V)l 
de Ferret, so that*thc waters meet one another* 
almost lialf-way between tlie two at the foot 
of the Glacieii efc la Breiwa, when they turn 
south through a* trans.vej'se valK?)r to^Vilh;- 
neuyp, S.W.’of Aosta between Mont ^^l;etif 
•and the JVEer do la Saxe, which setfem to gunrd 
the jentrance, ae Studer says, like the pillars 
atl-he entrance of an Indian temple. 

The central range and the summit of Mont 
Blanc Itaelf. (4810 ’ metres) consis^ts mainly 
of Protogine, flankj^d as we pass to the north 
by Crystalline Schists of undetermined ag(% 

. succeeded by strata 'belonging, to tlm Car- 
b(niifecou^,**lurassic, an<l Cri^tactedus periods. 

The Grands Mulcts and*the Domo du Xloutf; 
consist‘of Crystalline Schist, which indeed 
surrounds the* whole massif, except on ihe 
*^uth side, wiiere it is wanting in the Val^ 
d’Entrhve^ and the Val Ferret. In this*, 
respect tlie* north and south sides of thc*chain 
present a remarkable contrast. • 

Figs. 94 and 95, .julafited from Mr. Cadell’s 
* experiments on the foldings of compressed 
layers of clay, illustrate the structure of the 
Central* Massives; that on the right giving 
the “fan” structure, while*that on th^ left 
shows an overthrust, and* suggests a phssible^ 
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explanatipn for the absenct? of tJ!c Crystalling 
Schists in some plj^ces on t]ie south of the ran^ik 
Carboniferous strata ‘occur on .both sides* 
“of* the Arve, from Sewoz almo'&t* to r^es 
Houches, and extend eastwards in two* bands 
-r-onc ^rom Servoz towards Mont Buet, the* 
other from Ijelow Argentiere over the Col des 
Montets down ^le Tr^enf to Vjerwayaz, and 
across the Rhone to the Mont de Fidly? The 
broad valleys of Chablcs anti o& Ijidd6s*^irc 
also dup*to thj co]ff|iarative destructHiility of 
the Anthracitic shales belonging to this period. 

The three princip.'ij^ representatives of the 
Carbonifg^oup strata arc (1) argillaceofts schist-s, 
frequently containing vegetable rehiains; (2) 
micaceous sandst6nes, which often much 
resemble some of the JCrystalline Schists; and 
(Si) the refharkable conglomerate’hnowfl as the 
Puddingstone of Valorsin§. , • 

This? Puddingstone consists of rolled p*ebblc8 
and blocks, sometimes over a foot in diameter, 
“^hese must Aave been brought down by 
torrents much resembling the Alpine torrents, 
of the present day, and indicate therefore 
the presence of former mountains. ^ 

The pebbles consist principally of pjimftivc 
,roc^,toainly Gneiss,*but comprise no Granite 
or Porphyry, so that* tjiesc rocks cannot then 
ha\ 5 e b^en exposed,‘but must have been covered 
and protected by other strata, ^ The pebbles are 
mixed with Quartz and Mica embedded in a I 
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^ard reddish'cement. ^ Blocks of this#Pudding- 
sitone, as ^already mentioned, have been trans- 
' ported by the glacier to a great distance. 

It was Veil studied and described * by ‘De 
Saussure in 1776 at Ceblancs, on the north 
* of the mountain Les Posettes, where the layers 
are vertical, while, as De Saussure remarked, 
they must have lleeij horizontal, or nearly 
so, when* originally deposited. “ II faut done 
regkrder,” he s4ys, “ comme une chose de-., 
montree, que ces ponding^ ont,^t4 formers dans 
une position horizontale, ou a peu prbs telle; et 
redrbsses ensuite apresifdeur endurcissement.” 
This important observation was the ^irst proof 
of the elevation of Sedimentary strata.^ 

However self-evident thfe may appear to us 
now, it seemed extraordinary at the time, and 
Bertrand even attempted to show.lthat' the 
pebble beds might have been deposited in a 
vertical position 1 

The proportion of pebbles in this deposit 
varies greatly. Sometimes they form nearly 
,the whole, with only enough cement to hold 
them , together. At other places' they are 
comparatively few, or even altogether absent, 
in vfhiqh case it is difficult^ to distinguish *this 
rock from one of the Crystalline Schists. * 
Favre indeed suggests’that some of the rocks 
which have been regarded as Crystalline.Schists 
in reality belong to the Carboniferous period. 

^ Pavre, &ech. OeoL, vol. iL 
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The Yal Ferret and lhe*valley of Ghainouiii 
are synclinals^ and conta^ Jurassic istratii.. / 
As regards Mont Blitnc itself, ‘‘ Je n’entre* 
piendlai pas,” he says, “ de dticrire*l'S,pp{ironce 
du Mont Blanc, oh ne pent sc faire uife juste 
idee de cette chaine couverte de frimatf 
eternels et prin^ de mille pointes tie rochers, 
sans I’avoir visitee. , II y a djjn^ la’naturi*, 
Somme daiis les arts, dbs choscs dihSciles a 
, comprendre, qu’on doit vt)ir jou eirt(^dre 
plusieiiffe fois^pouf*en saisir la grandeur; il 
eii*est ainsi de la chaine du Mont Blanc,* 
plus on la .voit et M parcourt, mieux en en 
saisit d^b^aute.”^* The whole district is of 
singular beauty. “ 1 have climbed much,” says * 
Ruskin, “ and wahdered much, in the heart of 
the high Alps, but, I have never yet seen 
anythin^^ which equalled the View from the 
MonBanvert.” , ^ • 

Fas^re also speaks of this distri(?t with 
great, though not too great, enthusiasm, as 
des lieux eachantes,” and returned oveF and 
over again to the Pavilion de Bellevue during 
his geolcfeical studies. He does not know 
which to commend most, the splendid air or 
th« magnificent views, which, as he yusHy 
says’ surpass all description. 

The true contimiation of the valley of 
Cfiamouni eastvv%,rds is not the Col des 

Montets* and the Tetc Mr, but the Col 

• . * • * 

^ Favre, A’ce/t. Oleoh, v<^. ii. 

* 
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de Balmc. The Arv& descends in ^ longi- 
t\jdinal valley to l^ps Houches. Here the 
'ivestern ling of the ’ valley passes over the 
. Col de Vo5aa. Thei. river, however, breaks ' 
awa])' to the north in a transverse valley, 
'cutting across the Carboniferous strata? The, 
contrast of the narrow and jvildi, transverse 
gorge, vvitl],.tlje more open longitudinal valley 
above,'isvery marked. Below. Servoz M‘ 
a short dista-nce' the river again occupies a , 
longitudinal valley, and tlTbn fr^m S^fenches 
‘ runs transversely by the narrow gor^e' at 
Cluses to Bonneville, w^hfere it epaerges on a 
wide alluvial plain. • ^ * 

‘ As already mentioned, the Val Ferret on 
the south, and the mountains on the west, 
which stretch from the .Bhone valley, south 
of St. MauriQe, to the valley of the Arve 
at Servos—the Mont^Ruau, the Chev.al Blanc, 
and the Mont Buct, are Jurassic; ap,d the 
question arises whether the Secondary strata 
onc^ extended in a great arch over thc^ 
Brotogine of Mont Blanc. This can now be 
confidently answered in the afiirmati'Ve, and 
the final proof is due to M. Favre. On a 
niem«rable occasion, 12th August 1847, the 
ascended the Aiguille de** Glibre. it v!a¥> a . 
splendid day, and he^ says, ^ “Je fis une 
longue station au sommet \ie cette aiguiUe, 
jouissant de diver^ points de vue. Je con- 

t • F^re, lie«h. Oeol., vol. ii. 
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siderais longtemps avec'un^inexjtiimalilc plaisir 
cette scene majestueust;, inais tout ao||p 
JO remarquai* au Norct-Est, daijs I’line de« 
Aiguilles Rouges, uiie str«cture quf ilie ramcna 
subitement a un«autre ordre d’idees, nob ^lioins 
.grandset non moins releve quo la reverie ofl 
m’avait pl^ngq la contemplation * du grand 
spectacle que* j’avais sous^les yiejij^ 

• “Je voyait toutes ies Aiguilles •Rouges 
, formees de gneiss cn couches ycrticaieS^; je 
les ex^lninais^ avef^la lunette, lorsqwe je fus 
fra']f)pe de I’espece do chapeau que portait la* 
plus elev<'}e., *Ce clntaieau (Eigs. 104, 105) est 
form(Se ^a^ des couches presque litrizontales, 
reposant sur les tranches du gneiss qui coni-* 
posent le corps de la montagne. Cette vue 
captive toute mon ai-tention. 11 etait (Widciit 
que la discordance (jue je v^yait entre les 
couches *pres(]ue horizontales et le gneiss 
indiquait que le chapeau de rAiguille? Rouge 
etait d’une autre nature que I’aiguille m6me.” 

' . The “cajt” was in fact formed of Jufassic 
strata, conclusively demonstrating that the 
SecondaiV rocks once extended continuously 
over the massif; and, to judge from their 
thickness elsewhere, tli^ ambunt of the Second¬ 
ary ‘rocks denudeSf can hardly be less than 
3000 metres, to winch a substantial addition 
nqist be made, ah a considerable thickness of 
the crystalline rocks has al^o been removed. 

Whether the ^ame can be ^aid of tjie oldej 
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Tertiary ©strata, is aot' so clear, but ^as they 
t^miriate«along the ^orth side of the Mont 
Blanc massif in a great^escarpmeht, it is certain’ 
that they^nKist at any rate have extended far 
beyond' their present limits.« South of the 
kips the cretaceous and nummulitic - strata, 
reappear in the neighbourhood, of Varese and 

rn • c < 


At a'hy. rate, howeYer, the Secondary strata, 
formed* a groat arch over the Buet, dipping 



down into a compressed synclinal fold, which 
was 'the determining cause of the valley of^ 
Chamouni, and then (Figs. 104, 105) rose up 
into a ^reat arch over the central Mint Blanc 
range. Mont Blanc therefore was once covered 
b^ frim 10,000 to 15,000 feet of strata, which 
have been entirely removed!; , 

The lapse of time thus indicated must have 
been enormous. It has bedh calculated that 
the general surface gi the land is lowered in the 
draina^p area of ^*he Bhone b*y about 1 foot in 
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1500 y^axs,^ though Ao doubfcHho mte would 
be greater in the more ^ountaiuou« parts, / 

The valley of Olufmouui presents gram! 
•vidftnce of glacier action. lt‘coiftcfins numer- • 
ous erratic blocks and several moraineS. • That 
, of Asgentihre almost closes the i^per vaUe^^. 

It has a ljeig(^t of over 100 metres, and was 
the right lateral moi-aine <^’ .the* Glacier * 
•d’Argentihre. The riglit lateral duiAaine ol' 
the Glacier des Bois does Slot ^top wich the 
glaci^* but ^is prtslonged in the foi'm of an 
inlmense rampart, which formerly extended • 
righf across* the ^|lley, diimming ba«k the 
riverf and f orming* a lake. It ha* now, how¬ 
ever, beeiT cut through by the iVrvc, forming 
the Passage de£f Tines. It has a height ol 
over 170 metres, arid one of the largest of the 
Jiilocks, Renown as the Pierre dp Lislfoli, is 15 
met*res in length. The Arve has raised the 
whol« valley above this moraine. 

Chamouni itself is built on, and to a great 
extent of, 4 former terminal moraine df the 
Glacier des Bois. This is *ehown by the 
charaetdt of the blocks, which are of Grauife, 
very different from the rocks of £he Pre¬ 
vent. 

*• tiower down £he valley, at Montquart, is 

another moraine, which ends a little below the 

tprrent coming ftom the Glacier de Taeonnaz. 

One*of the blocks belougjng to it, known as 
# ^ # 

* Peuck, Morpliologie d$r Erdol^frJUiche, ^ 




Fits. 106.—Valley of Ohainouni. 
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the Pietre Belle is 24 metres lohjr, 9*wide, ayd 
. 12 in heightj 

At an earlier periocl, however, the whote 
falley was filled by thcF glacier, ftncl all along T 
the face of the* Mont Blanc range tlie "upper 
‘ limit t)f the ice can be clearly traced (sec Fi^. 
106 ). At,tjiia epoch the glacier divided, one 
^branch pawssing* down^tliR Arve, the o*thcr over * 
*thp Col de Balme, and* the Tete No!r to the 
Valley of the Rhone. 

^ These mprain^ are very instructive, 
because they con^ct so clearly the ancient * 
glaciers of, the 1^ Age with those t)f the 
presetituiay. 

in the valley of Chamouni facial action* 
as indicated b^ the smooth and rounded 
surface of rock, can*be traced over the Col dcs 
•Mbytetl^ between Valondne and A%-gcntihre, 
a height of 1474 metjres, at the ^Chalet de 
Pliaiftpra, 2080 metres, and to the siJmmit of 
the Posettes, 2208 metres. 

At the b«nd of the river Arve, opposite Les 
Houches, where the river turiTs abruptly into 
a transverse valley, the rocks are^ greaUy 
glaciate<3. At Chatelard, near Servoz, at the 
right side of the, road, ahe several ^vefy fine 
Grists’ Caldrons. * 

Below Servoz th;,e river again turns and 
eiitefs,another fongitudinal valley. Further 
down on the right side, between Combloux 
and Sallenches, M. Readu Ipng ago vemark^ 
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wjth surffrise tliat tfte cultivated groijnd rose 
to.a* certam height, and was tl^n suddenly . 
ctit off by a belt of wood. This he found was 
.caused by*alateral ni«)raine, the great blocks 
rendefirrg cultivation impossible. It is one 
of the most remarkable groups in the •Alps, 
and is j)robably due to its • position just 
opposite the. defile oT ^ervoz,* by which the 
great gfacier descended into the* valley ,of 
SallajJches. The fnoraine does not cease at 
Salknches, but continues ^1 down th * adefile 
of Mayland. It exists, ho^everj on th^ left 
side (fuly. Not a singbf block of Granite 
occurs on l;he right anywhere in Tvhole 
defile. Wh^ is this ? 

Rendu suggested the Explanation. A 
smaller glacier from the <jBuet joins that of 
the ArvE at Servoz, and continues,‘with‘it* 
down the ^aljey. Thiij affluent, however, came 
from a Calcareous region; the blocks foAuing 
its moraine, therefore, are undistinguishable 
from *the debris which have fallen from the 
mountains, especially as they are more perish¬ 
able than the blocks of Protogine comp^ from 
the Mont Blanc range. The whole plain between 
Cluse^ aijd the SalCve im coyered with glacial 
deposit, and strewn with blocks of Protogine, 
except a calcareous band gf Very variable width 
extending from the opening* of the vgll^y of 
Bornand, by St. , l^aurent. La Roche, and 
Gornier,\and ending somewhat to the east of 
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Regnier^ This is known aft “ Lets Ro(?aiIles,” is 
.sterile and ccjmparativeJ^ nneultivufed. It is, 
in fact, a moraine belonging to, the ancient 
Racier of the Bornand valley. ‘ * 

Fig. 104 shows the fan structure so cliarac- 
'•teristift of the Alpine massives. 

The jun<j^oii of the Crystalliiie Schists and 
the Protogine is Well, s^en at •Angle* on the 
edge of the Mer de Glace, above Montanvert. 
The schists become more t.Vysi;al line "all we 
approa^i the*Cent1|pl Massif, and at the line^ 

(?f jmjLCtion vj;ith t^3 Protogine, can hardly be* 
distinguished from^ue Gneiss. Tlie Felspar 
is gerferaU^ white,‘sometimes rose. • The Mica 
is white, brown, or black. The etdebrated* 

“ Jardin’' is an 'island of rock in the Glacier 
du Talbfre. • 

• *1^ tlfjp centre of the Plan de» Damts, on the 
Col du Bon Homme is a cairn, oij v^iich it is 
the eftstom for every passer-by to place*a stone, ‘ 
as is done in Jerusalem on the so-called 1\>mb 
of Absalom,*and in so many other pluees! 

As usual in the Aljjs, th^ drop on tjjc 
south ^ije is more abru})t than tha^ on the 
north, and the transverse valleys are conse¬ 
quently shorter. ,In ^ict, ‘the moun^iift form 
a**^rand and alm'ost continuous wall from , 
Mont Blanc to thq. Aiguilles d’Argentibre. 
Tlhei;p ,are onl/ two or three passes, and 
those very loftyThe C«l,de G<^ant is that 
most frequently used. • 
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, Of all”the Vicws^'in the Alps, says» Forbes, 
few-if any can be cow pared, witji that of the. 
Mont Blanc rMassif from Courmaycur. 

The mordines on the south of the .chain ale 
also very grand. The Cretaz' de Saleinoz in 
file Val Ferret is one of the most magnificent' ’ 
in the whole Alps. It was the,former right 
lateral moraine of thS G,lacier dc Saleinoz, but 
is now quite detached from the glacier. It has 
a height of from to 50 metres, and bears 
many immense blocks of l^otogine. * t 
The polished surfaces>of rock nea;’ the 
Glacidd* de Triolet, and of Mont Dolent reach 
a height of 2500 metres, that is to^, nearly 
'to the Col dll Petit Ferret. 

The moraine of Ivrea at flie mouth of the 
Val of Aosta (see p. 110) fs the greatest in the 
Alps, or'indeed in Europe. It forn^s a great 
scmicirclCj i^ 20 miles in length and rises to a 
height of 1500 feet. 
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THE VALAIS, 

The vtjfey of, the IPhone, from tlie •Luke of 
Geneva to the Ghwner, forms the Gunton of 
Valais—the valley p{\exeelleiie(?. * 

Thc^pj’caent valley liom VilleneUve to the 
Gorge of St. Maurice was evideiilly at one 
time a part of the lake, and would be so 
still if it were not i)r the deposits brought 
dowh^by tjie lllione. • * 

From Villeneuve to Martigny ,th6 Rhone 
oceupit^j a transverse valley, cutting across the 
strike of the strata, which form a succession 
of complicated folds, the strata being often, 
as it were, brayed together, aild sometimes, 
vertical. * They correspond on the two sides. 

The valley is, no doubt, of great antiquity, 
Favffe and Schardt consAdcr 'that it originally 
fornfetl a narrow gulf of the sea.* This 
view has also the su{)pprt of Renevier’s high 
authorRy^ but seems to me, I confess, iin- 
piobable. It has all thetf^ppearance^ of a 

’ Beitr, z. Qeol. K. xxii. 
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river vd-lley, but Is lio doubt ver}^ ancient, 
probably !is old as tbe Miocene. It belonged 
originally to the Draiise de Bagne, and is 
'• most likely older tiian the upper Vaiais or 
^than tfie elevation of the Bernese range. 

It is ipdeed difficult to account for tlie 
facts, except by assuming that ,.the Dranse 
was running capproximately along its present 
course before the ‘ folding at St. Maurice 
com!m‘enced, land *cut back the ridge as it rose. 
In this "case, the Dranse, “is probably "an older 
river than the Rhone, »nd to it properly 
belofigs the valley betw<^tin Martigny ahd the 
Lake of (Geneva. 

^ r\ 

Down !o comparatively recent times the 
lower Valais was marshy, and subject to 
destructive floods. Hence, vre find that the 
towns kre generally placed on the cones ,of 
the lateral streams^^—Aigle on that of La 
Grande Eau, Bex at the mouth of the 
Avenyou, Monthey of the Viege ; Muraz, Vion- 
naz, Vouvry, Aux Evouettes,o‘^ete., on the 
(Cones of other streams. The most remark¬ 
able cpnes are those (1) of the Bois Isoir (Fig. 
1.07), formed by the torrent of St Barthdlemy, 
and' above Martigny r (2), that of Chamoson 
at the mouth of the Losenze, which is 4 
km. in length, and rii^es' from 480 metres to 
730 metres, having therefore a height of 
250 metres; ^ (3) the most striking of 

*■ , ' * Renevier, f^JieUr, sS Geol. K. d. Schtc., L. xvi. 
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all, tliatjof the Illgral^eii* near* Leiflc. Tll 4 ^ 
amount of ^tones, etc^, brought •down • liy^ 
these three torrents has been so onormous 
a^ to* dam back the rrt^er, and* thus raise 
the general lev«l of the valley lor sonn^ 

—distance above them. , 

The plaiii^ofi the Rhone valley wljerc tin; 
river enters tke lakcj iS almtist* abf^olutely 
flat, but from Neville to Chessel are*a number 
- of undulations, and small lulls, d^hose t’ 0 »the 

• t • „ 

• • \ s 
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Fui. I07.-Scct!oii across U.o Hlionc Vall-y, sl.owii.K the cone of the Hois Non-. 


west being th« highest. At first they might 
be taken ^for moraines. They *are, howevef, 

due to a*|ieat rockfall. . 

The originally horizontal jbeds near Novillp 
have been thrown i»to zigzags by the preSsurc 
, of t5i?5 fiillen materi^. The scar, still known 
as the Derochiaz, is eV(vn now visible, immedi¬ 
ately aJt)(jve Aux Evouettes. Morlot was, in¬ 
clined to identify this catastrophe with the great ^ 
rockfall of 456 a.u.,^ which, according to M^nus • 
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d’Avcnciies and Gregory of Tou^s, over¬ 
whelmed ‘the town pf Tauredunum. Others^ 
Tiowever, consider the Derochiaz fall to be 
more ancieiit, and point out that the' fallen 
materials do not reach the foot of the 
mountain,^ but are separated by a “stretch— 
of absolutely flat ground. This they account 
for by supposing tMt the valley of Derochiaz 
was occupied by a small glacier,'which acte’d 
as a'sbrt of ibrid^c, and over which the debris , 
glided into the middle of^the vsjlley.^ 

There was a great rockfall from the Dents 
du Midi in 1835, producing a torrent of black 
mud whifih flowed down • the St. .^arthelemy 
and covered the Bois Noir. Other rockfalls 
in this district have been alteady alluded to. 

The rocky^ hill of St. Triphon, opposite 
Ollon, Inust have been once an island. ^ *'Thc 
sides plvinge down jilmost vertically. There 
can be no doubt that the usual talus 6r scree 
exists at the base, but it is covered over by 
the alluvium, showing that th^ valley was a 
Juke down tt>, geologically speaking, a very 
recent,period. * 

The bottom of the valley to a considerable 
^epth consists of alluviupi containing fresh¬ 
water and sometimes land shells. The 'Navi- . 
sance has cut 300 to 4P(f feet through gravel. 

‘On both sides of the*^ Valais, ^g-rks of 
glacial action regioh to a great height, and the 

J Favre et Scbavdt, BeiXr. s. Oeol. K. d. Schw., L. xxiL 
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upper limits of tlic ancient glacier can oftcM 
be clearly tra^jcd.* The glacial deposits intlfo^ 
latera!^ valleys are also of immense* nyignitudo. 
Tfie valley of Devens, between the ^rioiyi^ and 
the Avanyon, is Tispecially remarkable in thif^ 
fcspcct* and contains many immense blocks. 

On the 4e/t*bank of tlie Rhone ,a great 
lyoraine, which'^has b»en, rcndepccl cki^sic by 
the .labours'and descriptions^ of Clfarpei^ticr, 
extends,^with some intervals, from the plateau 
of Yeressaz above S\ Maurice by Mo’bthcy to , 
Muraz, It ia alnf^ entirely composed of 
Protogine from thcN north slopes of IVTont 
Blanc. * Seme of thb blocks are so^ large that. 
they have rcceive(l special names—the Pierre 
k Dzo, Pierre a Muguet, etc. 

At Bex are the celebrated Sajt mines in the 
Ttias.whiQh have been worked for bver 2t)0 years, 
and were at one time managed by Gflnfrjjpntier, 
who re*sided at the village of Devens. 

The Dolomite and Gypsum, which. are 
generally considered to be ^Triassic, are 
especially, susceptible to the action of wcath<?¥ 
and water.; hence the rivers (as, for inetance, 
the Grand Eau), and the Cojs (as, for instancy, 
the* Col de Pillon l^t^een the upper, valleys 
*of t*lie Grande Eau and the Sarine, those of 
la Croix, KinmeuQ, ^ruttlisspass, etc.) have a 
temler¥Jy to follow the outcrop of these strata. 
The Gypsum also, often gives rise to sjvallow, 
holes, sometimes jf considerable size.' . The* 
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little lake of Plambouit, which iar said to 
l)(5 Very deep, occupies one* of , these depres-r 
sions,^ ^When the Gypsum occupies, high 
groupd, it weather^' into peculiarly pointed 
peaks, like those of the Dolotfiites. 

From the lake to Bex the valley Is wid6 
and open, but from ^ St. Maurice, to Martigny 
it is pompafatively. narrow*' owing to tl\e 
greater compactness of the rocks. Immedi- 
ateh/ f)elow St. IVfaurice is a belt of d^rk, hard 



§ 

f 


1 

is 

■I 




j Sea leyel 

f 

.. 1) 

« *. 

\ 

'arboniferoiif 

jr": -“"“tj.liirassic 

t- 


Fill. 108.—Soeliou acrosH tlio lilioiie V'alley at Martigny. 


rock*, belonging to the age of our chalk; then 
(jome Crystalline rocks—the eastern extremity 
of the ^iguilles Rouges Massif, with a Synclinal 
containing Carboniferous Puddingstone, and 
slate," wj^iich is worked near, Vernayaz. • 

A short distance aboi^e St. Mauricd *the ^ 
torrent of St. Barthele^i}! has formed the fine 
con’e of Bois Noir (Fig. *109), ancji ^driven 
the Rhone to the foot of the Dents de 

I • • 

' Renevier, Beitr. z.*(ieol. K.^d. SeJm\, L. xvi. 
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Morcles.* Fig. 108‘gives a section apross the 
vfclfey at Martigny; tit will .be §een that the. 
strata at Jha Pont des Martinets are reversed. 

The^ crystalline tbcks consist of Cyiorittc 
schists, alternating several times with Mica 
schists. Pfof. Golliez regards them as ^archaic 
sedimenj^ary rocks much meta«npHphosed, but 
their age is still uncertain. “"They must be 
very ancient, for ttey are folded, and, in 
his •opinion this *must have occurred before 
^the deposition of the Carboniferous* strata 
which lie unconformabhj/' upop theh\ If 
this ^iew be correct we/^liave here evidence 
^of throe ^eat periods of disturbance—^firstly, 
that of the Chloritic schists, secondly, of 
the Carboniferous strata, which overlie the 
schists, and thirdly, the great Cretaceous 
Nummulitic fold which forms thesT suijimit 
of the Dents de Moucles. 

Over St. .Maurice on the west towfer the 
magnificent Dents du Midi, wl\ich form so 
striking a feature in the view from the 
mdrth side o^ the Lake of Geneva from 
Lausanne to Montreux, are certain!^* among 
the most beautiful of Swiss mountains. 

Tlfe whole mountaitf has a torn and wild 
appearance. It is a part of the great 
Cretaceous Jurassic range which extends 
frorn the Lake of Walen,* by Glatu*, the 
Windgalle, across ‘the valley of the Rjeuss, 
ihrough Ob Dera Wald, by Grindelwald, 
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Lauterhinnnen, the Ge&mi, to t"ho ILuit 
. de Cry aiK^ the Deiite dc Morelos, 
are counterpart of oie Dents*dji Midi on 
flie ^uth-west. The stPata, as showr^ig. Fig. 
110, are invert^; the older Ncoconiian res^- 
•ing oif the younger Nummulitie, ivhich again 



For somc» distance on each side of Mar- 
tigny, frpm Outre-Khone neafly to Sailld#, 
tluj boftgm of the valley presents a .number 
of Sand-dunes, first described by Morlgt. 
Tifey resemble iu nfiniature those. oT the 
• desert, and of some sea coasts. The most 
considerable are neat Charat, and reach a 
lietghi- pf 20 to *30 feet. They are formed 
espe 9 ially in the, spring wljen the RJione is 
low, and leaves large sandy tracts uncsvpred. • 
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• Shortly below Martigny on the ieft side 
two •streams enter thojlhone-valipy—the Sal-. 
lanches ayd« the Trient—but there is, this 
remarkq^ble ‘difference, that while the** SaF- 
Ij^nches forms a beautiful waterfall, the Trient 
has carved* for itself a deep and Harrow* 
gorge. The rocks over which* tl;ioy flow are 
similar, ^ and apparei\,tly of dl^Hal hardness^ 
and the difference is probably due, partly 
to the fact • that the Trient, draining a 
Jarger arba, has a more ■ considerable •wajfer 
power^ and also that it JH'ings, down .morS 
pebbles and boulders, \)^ile the* Sallanches 
js a clear "stream.^ Most *of the tributaries 
in this district enter the Valais through 
gorges more or less similar to that of the 
Trient; those jof the Lteerne, the Salenze, 
and the Tri^ge*are the most remarkable. , * • 
The^sFhtion of Vornayaz, at the opening 
of the gorge, which is well worth a 'visit, 
stands actually on the axis of ^he Carbon¬ 
iferous fold, and quarries of slifte occur on 
bo\ih sides of* the valley. They ^ilternate 

with layers of Puddingstone. The .C^iloritic 
schists are well sgen at the gorge of the 
Trient, which is cut thrdugh» them. • 

From Martigny starts tlie great road over * 
to St. Bernard, and Brockedon, who knew 

^ Gerlach, Beitr. z. Ocol. K. d. Sehic., L. ix. p. ti, • Fa^re, 
however, Bech. Q4ol., vq|. ii. seems to indicate that the strata 
through wHich the Trient runs, yield ratltor more easily to*water 
&tion. • • - 
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the passes well, assures ifs in a pas*sage with 
which I entirely eoncur^ihat, besides the wikl- 
ness pf this Alpine pass, and the bejjuty of the 
vallc^ of Aosta, through \^hich the road Jo Turin 
continues after It leaves the mountains,* “ tl^ 
•kind i^bception which the traveller,experiences 
from the religious community at thg hospice 
pn the sumfntt of the* 8t. J^emani, is rc- 
me,mbered*as long as he can lx* fateful for 
the devotion which induces these (ixcollent 
mep to offer •to the travellers their* welcome^ 
(fnd ipread for h%n their hospitality in the 
wilderness.” * 

At* Martigny the Rhone turns *at a right 
angle. In fact it leaves the great longi¬ 
tudinal fold ancf enters a transverse valley 
properly belonging •to the Djanse. During 
tiie ,Ice .Age the ancient glartor in making 
this sharp turn presse^k with en®ril!ous force 
against the rock-fice opposite Martigny, which 
is tremendously worn and polished, aff'ofding 
in Ruskin’s* opinion the most remarkable 
illustratipn of ic(! action to* be found ‘in 
the whblo Al 2 )s. Above Martigny \ve come 
to the true Rhone vall^—the only jmrt 
of* its course which •really bclong% fb the 
Rhone, for the valley bedow Martigny origin¬ 
ally belonged to the Dranse, that l>eIow 
Bellegarde to the Valserine, and below 
Lyops to the Sao^ie. • • 

The valley from Martigny to Cto^rwali 
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isr a longitudinal V£iilcy of geotectonie origin, 
due' to a fold created during elevation 
of the Al^s< TliivS great fold stretches west 
• by Chijtmouhi and the Is^re to Chanib^ry, 
eastwards by the Urserenthal and Rhine 
valley as far as Chur, reappearing ‘indeed 
still furtjier to the east. < ^ « 

At lyiartigny itself the sti^lta are nearly 
vertical (Fi'g. 111). The old Tourde la Batiaz 



stands on a narrow band of Jurassic rock, 
which extends west over the 0)1 de Balme 
tQ'^the valley o*f Chamouni, and eastip^ards up 
the valley of the Rhone. It is a continuation 
of.the great synclinal of Chamouni. 

For some distance ‘above Martigny the 
valley of the Rhone was evidently once ' 
und^r water. M. Reneviej: considers that 
it was a distinct lake from that of Ganeva, 
separated by the^ ridge at 3t. Maurice,, but 
il. Forfil has ckarly* shown that there was 
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a time ^ when the watertj of * the • Luke |»f 
Geneva stood at a miv-'h liiglier 'level * 

the present, and they* must theji liave beeTi 
c*xteiJded far up the Hllhone \f^lley. Thet 
present level »f the lake is 375 *nletres, . 
•the Bhone valley between Mpnthey an?l 
Bex is • metres, Martigny 4G0, and 
Brieg 670. =4.’he bmbtdln of .tlio valhy is, 
tiowever, Riiscd by the alluvial deposits, tin; . 
thickness of which is not* knwwn. •\\hcn. 



Fi 8. 112.~TraiisN'«‘rsi) jiroflle of tlio Ooi-k'! of tln! Ij/ii.tiic. 


therefore, tlie lake was at its highest it pos¬ 
sibly exten^led to Brieg, though at aiyjthcr 
time the part above Martigny may very 
likely have formed a separifte and upfipr 
lake, •'fo the east of Martigny is,another 
belt of Crystalline rocks^ while some liUle 
distance up the. Dfansc, at SemJbr^ncher, 
• wd *come again upon Jurassic, the eastern 
prolongation of the Jurassic synclinal of the 
Vel .Ferret. The valleys of Liddes and 
Cha])le owe their origin -U) the softer Car¬ 
boniferous (Anthracitic) strata. 




Fig. 113.—?*art of the south wall of the|Diahlerets. 
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remarkable coiitortioiil^ erf the* straki on the 
great louth wall of the Diablerets ,*secu 
from the lour d An^i^iiidciz. The siniiiiift 
kcreV marked as l^oiiitc de hi(» ^lonille is • 
perhaj)s more generally known as Hk? Tetc 
• Kond% 


The next figure (Fig. 114) fcju’csents a 
Section fronf Tmrth-nortk-east |,o .soifth-south- * 

Vest. • * • - • 

• • 



Fio^114.- 8»*clioii of the wall of Ui« IliabloretK. 

• • 

This “lying fold” is a r4!markablc case 
of coni|ilete inversion. * 

The •chain of Argentierc betwden, but 
segnewhat west of, |he Diablerets and the 
Haitt de Cry is f<wTned of vertical Tlrgonian 
strata, and when seen in profile, seems sharp 
aij a knife edge.* At the Lion d’Argentihrc, 
so-calleH from a fancied^ resemblance to a 
couching lion, the strata ^re also (nverted. 
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so that the summit fe formed by reversed 
Ui^goniaii resting on Neocomiau, NuiAmulitic, 

and JPlysch. 

Nearer to, and more'con¬ 
spicuous from, the Valais is 
another great rock wall, that, 
of the Haut 

115'^ shows tbie Tolds of th6 
strata, "which, if . the light 
suits, may be clearly made 
out from the vj^ley. ; 

Above Martigny one ^ees 
clearly the contact ol the 
Calcareousr. and Crystalline 
rocks on the north of the 
"s valley gradually descending 
I towards ^aillon. Sion owes 
its picturesque and feudal 
^ aspect, and indeed, its im¬ 
portance in mediaeval times, 
to the fact that the river has 
left several masses of native 
rock, on which three castles 
were built. The hipest was 
formerly the Bishops Palace, 
bidlt iffl 1492, but now a 
ruin. Jiist above Sion'the 
Borgne has formed a fine 
cone, and driven the Rhope 
to the foot of the opposite mountain. 

At djtid round, Sierye we find the remains 



S 



• % 

of the njpst gigantic ro<;lvfall in tlio wliolo 
of Switj!erlan 4 l, oxceptii^g that of *Flims* iti^ 
the v^lcy of the Rhine. It exitepdrt from 
Pfyn almost to the imTiith of *thc Jiieriii, 
and has a width*of about a. mile. It must, 
Ifavc loftg dammed up the. valley, but is now 
completely •through both by tlic, Rlione 
a^d by several trt)),utary streams.* H'ho surface 
is y^ry irregular, in many j^lacc's rCacldi|g a 



height of 70, 80, at Gerondo even 100 metres 
above the, river lev(;l; further westwards 
gradually .diminishes. The irregularities of 
’ siirfixce have given rise to several small lakcf^ 
the largest of whicli^^a fittlc north of Cteronde, 

• is 450 metres long, JLOO to 150 broad, lies 3 
metres below the^lev»l of the Rhone, fjpd 
hasm (iepth of 8 to 10 metres. The banks arc 
very gteep. The .landslip "took place .above ^ 
Gordon, under thg Varener •Alp. Tt«was* 
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prehistoric, but niftst have taken place after 
retreat of the grj^at glacier,^ A beautiful 
bronze s'^ord was found in a grave on the hill 
of Te\ent, l^elow Sferre, showing that the fitll 
^.was before the Bronze Age. ** 

Opposite Leuk is the grand cone of' the Ill, 
which ^as again driven tho» j^hone to the 
north ^ide*of its v|lley, and^'to some extent 
dammed back the river. The valley of thp lll 
—^he Illgraben^—affords one of the most strik¬ 
ing instances of recent rapid denudation with 
which I am acquainted, and is well worth a visit. 

Between Turtmann and Baron well-marked 
lines may be seen on thfe north side' of the 
valley. Xliese are “ Bises ” or artificial water¬ 
courses, and are fringed with lines of trees. 
The north si^e, being ’taost exposed to the 
sun, is comparatively dryer and more liare 
than south, which is greener and well- 
wooded. The side of the valley * above 
Gapipel is much smoothed and rpunded. 

Many of the lateral valleys^ for instance, 
<bn the soutR side those of Iserable, Nendaz, 
Herinsi, Beschy, Anniviers, Turtmann, and 
^inanz, though [iroad in their upper parts, 
opeii into the main ^’'a^«y by narrow, and 
often, inaccessible gorges^ 

Similar cases also, occur on the north 
side. The gorge of the Jollibach attJJ^icder 

^ Mui^av’s Handbook, though as a fule marvellously Accurate, 

' ^ves i^he Illgraben as 'a case df rockfal^ 
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Gestelen^(Jolebach ou*soifiie maps) 200 to 
300 metres deep, and iji places ohly a •faw 
metres in width, cut through Caloar^ous rockr 
It is ^uite inaccessible, atfd in its §reat^height* 
as well as in its extreme narrowness afmosl^ 
equals %he celebrated gorge of the Xiient. 

Prof. D^or* proposed for such gorges the 
special name of*^‘ Kofla^.”* • • , 

Between* Gampel and Raron th(? synclinal 
fold which has given rise to*the*Rhone*viiiley 
divides*;* one* branch diverges ncftthwards, 
through the ^ar \nassif in the direction of 
the iUetsch. glacier, the other has determined 
the lin% of the rivei*. * 

The Swiss geological maps do not, unfortu¬ 
nately, show this* very clearly, because the 
country north and south of tj^e valley were 
niapped ^y different observers, and the strata 
are colored differently. • There »wits, more¬ 
over, At first much, and is still some, diderence 
of opinion a.^ to the age of the Schists on, the 
south side ofi the Rhone from Turtmann to 
GrengiolSj which are colored li^t brown dsi 
Studer ^d Escher s map, violet on that of 
Heim and Schmidt, and dark brown on she^t 
l8*of the great Dufoifr map. These* Schists 
•are mbw generally regarded as Jurassic, and of 
the same age as the .Jurassic strata on the 
noBth,, \yhich are* colored blue and violet. 
The valley is in, fact a traugh of Jprassic 
strata lying between the older Crystalline^ 
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rocks or the Aar 'massif on the nQrtli, and 
of Monte Leone on the south, T^he Aar massif 
IS not, however, a simple arch, but is com- 
* posed gf several folds. The north side of tile 



Rhone from Gampel to Nieder Gcstelen is cut 
down to the gneiss; froiji Nieder Gestelen to 
Baltschitder i^ a trough of Jurassic# at Balt- 
schieder Jlie gneiss appears again. We must 
alwayjf bear in mind that the erosion has been 



tremendous,—probably«,al least 2000 metres 
(Heim in Erosion im Geh. cter Eeuss)^(iiidi that 
what is now tlie^ surface was once deep in the 
Ihearti <M the mountain. 
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At Mpnd the trough, which 
the south of the river, and dips I 

again divides, and the two 
the southern takes the hife 
the Gries glacisr, and the Bcdf 
self subdividing again on the way. Fv U 8 
.rives a seation across the valley af biie„. 
The northern syncUntU has given* risc^ t 
valley of tlfc Rhone, which follows its 
""Ug. 119 gives a seetioii-at^^iesch.^^^e-. 

• • --- ---^ * 


Viesch 


•Binn 


.-'rCr. 






Cr-EZElGWir. Granite ^^Jnrassic 

^ 10 . U9.-Seclion of the Uhoiio Vallcy^t Vicsch.^ 

nudation* has here entirely 
^pcenfiarv strata, though we may 
?imt they wst have formerly existed, ^nee 
we finf till along the valley both above 

““ At^feer Gostelon also is an old.frontal 
momiimof the Khone glacier, evidently 

ilptfositecl during il>s IRst retreat. • 

.' W valley of Zermatt, which opens at 

VisD lies mamly in Sehists. the exawt ag* of 


• • 
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The gorges of the' Gorner resemble^, those of 
Ragatz or'-of the Triejat. • 

The rpck forming the upper part of the 
• ’Matterhorn' is nearly horizontal, inclined 
slightly downwards towards Monte Rosa. 
Heim regards it as an overlying fold of gneiss'. 

It is a /idge like those of tke^ Gorner Grat 
and th^ Rumpfischhorn, probably preserved 
by its position, and perhaps by beihg specig-lly 
• hard' *■' The base is of Crystalline schists lying « 
^on TriaSi On the west‘ side is a wedge of 
granitic Euphotide. ^ » *. *■ 

The village of Randa has been several 
times overwhelmed by avtilanches. 

The Saasthal, which joins that of Zermatt 
at Stalden, is also wonderfulfy beautiful. Saas 
Fee and Zeripatt are, however, so different 
that they candiardly be compared. ^ ‘ 

The iiVhabitants o&the upper Italian valleys 
to the' south of Monte Rosa have a ®wide- 
spre^ad tradition of an encha^ited valley, 
beautiful and rich, which once existed in the 
heart of the* mountain, and has ^ow dis- 
appearQ.d. It is probable that th^ *view of 
the Zermatt valley from the heights of Monte 
Rosa'^OKginated the i(?ea .of the lost vallfey; 
and certainly the more one sees of it 'the' 
more enchanting it is. c 

If, as we ascend the Simplon route from 
Brieg, ;we look across to th^ Baltschiedejthal 
'on ^e opposite side of ^he Rhone valley, 



XVII 


*THE VALAIS 


•359 

0 


the contrast between the j-oundfed outlines of 
the glaciated rocks below, and shajp jagged 
ridges of thd Genthorrf,* the Gredetschhorn,* 
amd the Hohen Egg, is veiy striking.* . • 

From Baltschieder to Morel, with at small 
exception at the mouth of the Massa, thtf 
north side of tjjic Rhone is GneisI, while the 
south is Mica* Schist. the ent^ancife of the ' 
Massa, however, and *p(?rhaps owifig* to its 
^ inffuence in bygone ages, th» Rhpne seems to^ 



cEm Gneiss <5^ Granite • T HIH Trias J ■) Jurassic 

^ • Ffc. 120.—Section of Uio Rhone Valley UlricheMi 

• • 

have been forced somfiwhat to,the south. 
Howe^^er this may be it has cut through 
the Mica Scjiist, leaving a mass on the north 
side, which is bisected by the Massa. 

For some distance above the mouth 
the MasSa the valley is^occupied by thg debris 
of rockfalls. The blocks are scattered in wild 
c5itfusion, and some a]^ as lai^e as cottages. ’ 
The Valais contains also several ancient, 
moraines, one east* cvf Filet opposite Zen- 
hause^n, and a larger one between Lax and 
Wykr; but the ,mo*st imposing is that east 
of Viesch. It partly ibrms the Gibglegg^ 

^ J! * 
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forces the roAd to.mRke several zigzags, and 
fieap the village of Furgangen, Extending 
‘towards Bodmen in* the Vies61iertlial, and 
. Belwald *irfc the V 4 alais. There is another 
large ifioraine at Ulrichen, ^ 

< In the centre of the village of Biel is q 
great erratic block. ^ ^ 

Abofe Biel the road crosses, a* great mound 
long gr6wo over and cbvered with beautiful fields 
and meadows^ but evidently the result of a pre¬ 
historic rpckfall. The deep gash Jrom l^ich the 
‘ mass fell is still clearly visili'c above Eitzin'gep. 

Near Reckingen are remains^ of s'everal 
ancient moraines, and at Miinster another 
‘great rockfoll, with its corresponding hollow 
like that of Ritzingen. • 

From Biol to Oberwald the lateral streams 
form a cucces^on of cones, which drive ‘tfie 
Rhone fr^m one side to the other, and form 
marshy places by damming up the valley. 
’Munster is built on a specially large Cone. 

At Ulrichen Calcareous agd Dolomitic 
ro/3ks reappear; they are the continuation of 
the fold in the lower part of thb- valley. 
From Baltschieder to Ulrichen, howdver, they 
have been removed by«denudation, which has 
cut down to the Crystalline rocks. * 

Above Oberwald the ttcue continuation of 
the‘valley is up the liltle stream of Gingis. 
The larger one, which • comes down * from 
the glacier, is peally^ a, transverse affluent, 
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but from its greater is regarded as tlie 
' source df the rivpr. 

In the wbod throng which the road ris5s 
from**Oberwald to the giacier tlie rocks have 
been much worik and rounded by glacial Action.. 

Juab before arriving at the hotel the roali 
enters anqfhe^ longitudinal valley, in which 
lies the beautiful glacit?r of jjie. llfiouc (see 
Frontispiece). At jn-esent the fwnl of the 
glacier is about 20 minutes’ walk frbifv the 
hotel,,the intermediate plain being*an inter¬ 
esting illustratior> of Huvio-glacial deposits. 

Like mo^t of the Swiss glaciers that*of the 
Rhone retreated ckiriug the first l^n yejirs of 
the century, after whicli it iidvaficcd and iii 
1820 reached within 150 metres of the houses 
at Gletsch, where it formed a small terminal 
mdraine? From 1822 to 18i4 it ^galn re¬ 
treated ;* then commenced anothprs period of 
advance, and in 1855-60 the front wa^ within 
100 metres of the moraine of 1820. From 
that time it’has again retreated. 

Shortly above the hotel is the moraine pf 
1820, forming a well-marked curved ridge, 
which slretches across the valley, except 
>^kere it has beeij ci»t through by ^le* river. 
Alioht 100 metres further is the morain.(i 
of 1855-60, which’wjis the terminal moraine 
of, tl^e ^glacier T^hen I first saw it. 'Lhen 
follows a stretch of* irreguJqy moraine matter, 
showing in miniature, the. same irregulaj* 
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h^aps, which on a >lar^e scale we find near 
thf. ttnoraines of the ancient, glaciers': It is 
ihteresting to notice the difference between 
! the anffufar rocks which have fallen “ with* 
avalahcnes from the sides of t\m valley, and the 
rbunded blocks which have been brought by. 
the glacier. ' The larger of these ofjien show a 
marked ‘difference on the two ‘sides, being 
(Fig. 36) rounded on the side turned to thd' 
glacidr,* and iyigg6d on the other. Some ‘of 
the blocko have evidently'been ^ushM*. along 
by the ice, leaving a furfow behind, S,nd 
making a little mound in front. 

The river leaves the »glacier in «[iany 
streamilets, but mainly issues from a beauti¬ 
ful blue arch, now (1895)r nearly in the 
middle of the glacier face, and some 25 
metres high. «,“The lower glacier iS sorilcr 
what spoon-shaped, with radiating crevas*ses. 
Above It is a fine icelall, of which a splendid 
view is obtained from the road over the 
Furka; above the fall is a flat.‘expanse of 
ice? ending in** great snow-field. 

The Furka is a deep trough with gneiss on 
iach side and Jurassic strata in the centre, 
narm(5rii^ed by pressure,, and containing 
^clemnites and Pentacrinifes. • “ 

The synclinal is cpn’tinuted along the 
Jrs^renthal, and goes de^ down, ^ haviyg 
een found with Jittle change in the tunnel 
f the St. Gotthard R^,ilway. 
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THE BEMESE OBERLAND 
) 

» > 

• The Bernese Oberland seems at first Sight a 
chaotic wilderness' of mountains ^nd valleys^ 
snow-fields, and glaciers, without any plan or 
regular arrangement. 

The more however the district is studied, 
the mo^e the details are ascertained, the 
more do difficulties )and anomalies dis- 
appehr, and the points which stilly remain a 
mystery will doubtless be explained by 
future observations. 

The Aar massif may be d(^cribed as *sin 
ellipsoid^ mountain mass, running frgm 8.W. 
to N.E; bounded on the N.E. W the 
ypper Eeuss; on tl?e S.fe by the>ljrseren- 
thai and the Rhone from its source down^o . 
Leuk; on the NiW. by the great wall of 
the Bernese Oberland; and on the S.W. 
by , the valley of* Leufe > These jines of 
demarcation, however, ^though practical anJ 
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convenient, arc, itf must be reme^mbered, 

' somewliat • arbitrary., The . vajlcy of the 

Ileuss is a, transverse valley of erosion, 

* cut ou^ tiy* the riVer, and the roclcs oil 
-both 'sides arc identical; it®corresponds to 
no diffcrenqe of geological structure?^ The • 
valley of the Rhone is, on *tl;iOf contrary, 
a “ geotectofiio'” valfey, due to a great fold 
in the sti^ta, but still geologically spcij,k- 
ing ©V ’but re«ent‘origin. The great Bernese 
Oberland * wall (Fig. 12l) ist-an *^cecarp- 
inent due to the wcatherf^ig jiack of, the 
.lurassfc strata; and the valley, of Leuk, 
like that of the Reuss, is a' transverse t^alley 
of erosion. 

Though the Aar massif is detached, it is 
no isolated phenomenons The Protogine, 
which fofms ks nucleus, is minerajogic^fly 
and chemically idcntif.al with that of Mont 
Blanc, and it is obvious that these**two 
mountain masses are merely two yjkhrows of 
the same central rock. ' 

.‘Atmospheric influences and the agency of 
water hq,ve cut the slopes of the longitudinal 
ridges into deep valleys, thus forming trans¬ 
verse ‘ridges, whicli a^ain* are carved by 
delludation into separate summits. 

These ridges, therefore, form N.W. and 
S.E. chains, as for instance on the west of tkc 
massif, the ridge which runs fyom the Biet^ch- 
lilbrn to 'the Dubihorn> or from the Nesthorn 
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to the Faschliorn and •tlie Clredetsehhorvi; 
and on the east from ,thc Schreckhorn ? {i#id 
Lauteraarhorn. * , 

* llib whole massif n/ay be considered as * 

^ the root or stump of a gigantic arcL,’itself- 
.thrown into a niimher of folds jind troughs. 
The centiy cjf the whole district is the 
majestic Finsteraarhofji,* the mosarc’li of the 
liernese (iberland. To’the N.E.* are three 
ihain longitudinal valleys,* indicated "by the 
Gauli, ^lacioip, th^ Unteraar gla^'.ier, and 
the* Oberaar glacier; and to the S.AV. the 
. greaf Aletscfi glacier, the Alctsch Fifn, the 
Upper Lotschen • Thai,' and the Kandcr 
him. 

The Granite* and Gneiss as mentioned 
above (ante, p. 29'6) show a very complex 
sti’ucturfe, and the Central Gneiss presents a 
well-marked “ fan arrangement.” , * 

Fig. 121 gives a section from the* Klcine ' 
Doldenhorn across the Gastcren ’Thai and 
the Lbtscheii Thai, showing that the first 
is an anticlinal, the second a syitclinal. *, 

The'Kandcr Firn and Tschingel ^Firn lie 
in an anticlinal valley. The Dala to the 
t?a8t of Leukerbad is«also*cut down^bfttween 
thcJ'Lias and the’Upper Jurjissic, the ln.ft ter , . 
forming an escarpnfei^t. 

, T^e,longitudihal valleys are, however, for 
the jmost part synclftial. , ^ 

* The lower part of the Liitschen Thai is a cross faljey. 
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The Aletsch 
is the greatest of 
all Swiss glaciers. 
It is 15 iniles in 
length and covers 
50 square miles. 
Itt <commences 
with a great 
snow ’sheet, the 
Grosse Aletsch 
FiK’3, the .flower 

or N.W. end of 

' ♦ 

which is known 
as the Concordia 
Platz. From this 
immense central 
snow-field radi¬ 
ate the jungfrau 
Firn to the N. W., 
the Ewigschnee 
Fel<^ to the 
north, and the 
Aletsch glacier 
to the S.E. The 
view from the 
Grosse Griinhorn 
is peculiarly Arc¬ 
tic, for though it 
" is very extensive, 
scarce] y any trace 
of green is visible. 
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The JVIarjelen Tliarfalfe in about T;he centre 
of the Alejbsch. glaciey on the isouth ’ 

If there were no glacier, the stre|im from this 
Valley would join that 6f the Aletsch valley.* 
The Aletsch glacier, however, occupies the— 
• great Talley, and dams back the ^^ater of tSe 
lateral strea^rsi The side of the glacier forms 
a. cliff, 150 feet in height, and-rising some* 
5Q feet Rbove the level of th% TVIarjelen 
See. From this cliff §reaf» masSes. are 
detached from time to time, whicii float as 
miniigiture icebergs in the lake. 

To prevent the water from rising tbo high 
a cha*hnel has been dug, which calh’ies off* the 
surplus down to Viesch. Every few years, 
however, some cliange in the glacier lets out 
the lake, which rushes undej- the ice down 
th^ Ma|sa valley. The Marjden S^e is quite 
unique. The pure whi^e of the.ioebergs, the 
dee^ blue of the lake, the precipice of ice, the ' 
glacier, th^ green meadows and the^ sur¬ 
rounding mountains, make one of the most 
beautifid and extraordinary Beenes in •^he 
whole Ajps. 

The view from the summit of the Eggisch- 
liftrn has long been celebrated for it^ dktreme 
beS-uty. * 

The Lotschentfial, district is one of the 
mosli mteresting"* and instructive regions in 
the; whole Alp^, and the contortions here 
attain their greatest complexity. 
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, The ridge of whieh the Ferden Roth horn, 
th^ *Resti Rothhorn, -and the Faldum Roth- 
horn form ^ three summits, is especially 


I 








^ ^ f 

h’ui. 12"2.<6-Th«>oreticftl Section tliroiigli tlie Ferilcu Rotlihorn from nortti to 

south. 

*- . X 

remarkable. In Fig. 122 we see that the 
strata are very steeply inclined, and form a 



Fia. 123.—Section of the Fautum Rothhorn. 


• * t> 

compressed synclinal fold, itself again sevenal 
times folded. The ccentre'of this trough now 
forms,the summit of“<the Ferden Rothhorn. 
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Though ^iiow therefore* ri^iig into mountains, 
they are r^lly* a cl(^s^ly conipi^ssed ‘a*^ 
folded trough.^ ‘ • , 

• Fig! 123, representing the uppe"!' pai^ of the* 
Ji’aldum Kothhofn’, gives a vivid idea of th^* 
tiompreftsion, contortion, and crughing which 
the niountaii^ Ims undergone. , 

The remarkable, ancj lon^ inexplicable, 
la(;t that 6n the Jungfrau and ttie JV^dnch 
tfie far more ancient gneiss • overlies • the* 
Secondiary Cftlca^ieous rock, is duft to tlie, 
existejice of these great folds in the strata. 

The west Hank of the Jungfrau, as seen 
from file Ebnellulf, shows a grog,t band of. 
Calcareous rock ,lying on and covered by 
gneiss. 

The Plate, represchiting the,»J ungfrau seen 
across tliQ valley of Lauterbrunrten, shows the 
gneiss (pink) overlying • the Juriissllc iblue), 
in wlTich are folded two wedges of Eocene 
(yellow). . 

This remnant of Jurassic rock, originally 
overlying.^ but now folded into tlift Gneiss, cJm 
be traced*from the Jungfrau to the Petersgrat, 
on the northern Hanks of,the EbueHuh, the 
JViitl^aghorn, Grossliorn* Breithorn, and ^elli- 
•spitz*en. It does , not, however, extends 
through the mountain^ but is, so to say* a 
wedge tfolded into i^. Moreover, the wedge 
is itsiglf folded, and contains two inner vcdges, 

* Fellenberg, Beit^. z. GeuP. K. d.^chw., L. xxi. • 

2 B - • 
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of ^Eocene rock, Wliicli reappear near the 
hcstels at IkluiTen, oy.^ the other^ side of the 
Lauterbru^nnen valley. 

*. Seep frdhi the ‘north the mountain ap- 

• pears as a wall of Calcareous rock, with a,- 
summit of gneiss. The total height is 4107° 
metres, gf which about 800 metres is gneiss, 
the basg befng»Upj)e^ Jurassic.'" 

T[ie stfucture of the Monch ’ is simpljBi^ 
•butit also belongs to the region of overfolded 
gneiss, wliich has a thickness oof 9O0 metres, 
resting again on the Jurassic., The upper 
surface of the Calcareous rock is not horizontal,- 
,but inclined at an angle of “about 20°. ’ 

In both cases the cap of gneiss is ])art of 
the great fold, and was originally continuous 
with the gneifjg to the ^uth and south'-*east. 
The Eiger, oif the other hand, is a'Jtypically 
Calcar^oift «iountain.» 

In th^ case of the Jungfrau the fold-^has a 
depth of 3 km., at the Monch ^of 1^, and 
to this distance the older and underlying 
Grbeiss has b<!bn regularly folded over^ so that it 
now lies upon the younger and origii^ily upper 
strata. The Jungfrau wedge is regarded by 
H^im a» the western continuation of the foM?)f 
•-^le Windgiille. It had be^n supposed byVome* . 
aufjiorities that the Gnaiss -was thrust over the 
Jurassic, but Baltzer is cl^ar that the inversion 
is due,to folding •and not to pverthrust. 

• • * J Baltzor, ^Ur. z. Vcol. K, ^ Schw., L. xx. 
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In some cases tlie*Ojllcai'eous rdbk seems 
to be fc?rced^ into the ^leiss; tlii^, howevicr, 
is due, not fo eru})tion, but to lyn^ading and^ 
flquceznig. 



Fio 125.—Skctuli Mau of MciMiigeu diKtrict. • 

h'urther to the >i'est these great folds arfi 
well shown in the j*^all«y of the Aar. At and 
ab<»ve»Meiringen (sejj Map), the valley is ex¬ 
cavated through the JurasSie strata, iik which, 
the celebrated gQrge of* thd Aar hfis •beepT 
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cut through a belt oi’ rock known as the 
Ktrchet. Immediately above the Kirchet is 
, a narrow ))and of older (Triassic) Sedimentary 
' rock, {ind 'then We come to gneiss', the 
*],ine of junction having the usual south-^ 
east and north-west direction. Further up the 
valley, Ijowever, is a second beltoof Jurassic 
age, capping the Laub$.tock on the west and 
the Pfaffehkopf on the east, but cut througn 
‘by the valleys while still further up, but at a 
greater height and consequently further from 
the valley, there is a second narrow, band 
cropping out at the Bettlerhorn on the west,- 
and the Stiergrund on the east, while the 
Schonalphorn, the Benzlauistock and the whole 
district beyond are gneiss. 

The Jurassic strata otiginally covered- the 
gneiss, and according to Baltzer they were 
thrown into folds, and these two belts of 
Jurassic are two of the wedges formed by 
the afolds. Similar folds are shown in Fig. 
120, but in that case have not«been eroded. 
The valley feelf, except just at Urweid, is 
on gneiss, above the gneiss is Jurassic, and 
over that gneiss again. The same arrange¬ 
ment' is well seen in ‘the«.Urbachthal whidh 
- jbins the main valley at' Hof. It is ohe of 
the^most beautiful, as .well as most interest¬ 
ing in the whole district.^ ^The bottom,of ^he 
valley is of gneiss, *the west §ide (Engelhorner) 
is Ju^'assic, rising to a height of 1900 metres, 
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the rigl^t gneiss with however three* ban^s of 
Jurassic (Maim) (Figs. ^25-6); thes'e are really 
the rpn^ains of folds as shown in figures. 

* On the Gstellihorn there are*actuallj^ ^ve of 
^hese wedges of folds. It is in this respeqjb' 
the most remarkable case in the district. 

The lino yf*junction of the gneiss and the . 
Calcareous rock is pecfectly cJbaf and sharp, • 



Pro. 126.—Section showing Iho onlcaroous wedffcs of tlic Schiiii.'ihi'harn in 
^ the IJrtiachtlinl. 

SO that f^Jie hand may cover bbth kinds of 
rock at t^e same time. There is absolutely 
no trace of any intermediate layer, stych as 
mafble, nor any oljaifge in the chamcter .of 
•the Calcareous rock.*, • 

It is evident, tliprefore, that the schists and 
sedimentary rocks Jiave not been actively 
broken through by the granite and gneiss, but, 

* Fellenberg, Beiir. z. Geol. K. d. Schw., L. xxi. * 
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^ tfeatj they were deposited on them, all three 
hsfviitig been passive]y and sipaultaneously 
0 thrown into folds. 

* The,-grea‘t wall of the Bernese Oberland 
*(rFig. 121), which stretches ealltwards from tho- 
Gemmi % fthe Balmhorn, the Doldenhorn, 

. the BlUmlisalp, the Eiger, the*]Vlittellegi, the 
Scheide«?k, the°Gadrner-^luh, abd the Schloss- 
bergr tp Erstfeld on the Rcuss, with a nearly 
■perpendicular' height of 1000 metres, is in 
dact the escarpment of therSedondary^ rocks, 
which formerly covered the whole massif. 

That tl^^se Secondary rocks once extended 
^further south is clear from the dip of the 
strata (Fig. 121). 

Moreover, some fragments of the Secondary 
strata still remain preserved in the deepest 
folds. At both ends of the ellipse Jurassic 
strata ;*uit i?p for som« distance, as for instance, 
on the west, the Jurassic belt which quits the 
Valais at Raron and runs northi-east by St. 
German, Leiggern, and the Kriiliggrat towards 
tile Hohe Egg. , 

To the east and west, however„.these are 
cut qflf by denudation. Along the northern 
bqrder of the gneiss, a se]:ibs of Jurassic,rdcfes 
Extends at intervals from ^he Ferden Rothhom 
bye the Tellispitzen, @n khe flanks of the 
Breithorn, by the Ebnefl^h, the Jungfr&u, and 
.Monchy • • 

More in the 'centre of ^he region another 
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line commences with tfie f31auberg,^ ^so callad 
from the blijish Jurassic^ rock, whidh mabea a 
striking contrast with tlic surroun^i^ Crystaf- . 
fine region), and is also ^posed ^t Fc^ningen* • 
jn the Meienthal^ at Rothbergli, and at Staldi ip* 
•the InlJBchithal.^ Lastly, on the ^outh comes 
the Jurassie |oid of the Upper Valais., , 

Another evidence .is* that* the porthern 
tyg,nsverse Valleys, instead of taperfiig to the 
ridge, run boldly up to it, as foF instance* the 
Gamcbi glaciar at^ the head of the Kifentlial. , 

• fi^^leed, thpugh the great wall is unbroken, 

• blocks of granite and gneiss, which must have 
come from the central massif are found to the 
north of the wall. 

The amount of^denudation has therefore been 
eno^ous. The ceiftral peakf^ of gneiss and 
grajjite-gneiss, the Bietschhorn,*Gr. Nesthorn, 
etc., tower up to a great height > lfut,in our 
iraa^nation we must replace on their summits, 
not only b§ds of Crystalline schists, sutjii as 
those which* form the Tschingelhorn, the 
Breithorij and the Finsteraarhofn itself; Hut 
over thi\ again we have to pile tlve whole 
series of the Secondary strata, whose enormous 
thfckness the great wffll of the Berneee Ober- 
land* enables us pj^tly to realise. Like the ^ 
Titans of old we piust pile Ossa on Pelityi in 
our imagination, apd realise that as in the 

• • 

* * On some maps it is marked as the Greisseiihfrn. 

® Baltzer, Beitr^z. Geol. *fC. d. S/chw., L. xxi. • 
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Greek m;fth, so also'here it has been stripped 
off. by the powers of 1jjb.e air. • 

The present configuration of the surface is 
therefore mainly tlieJ work of denudation, and 
•while*' tile longitudinal valleys*nre on the whole, 
tectonic, thq transverse or cross valleyvi which 
cut into and in some cases almost across the 
massif, JiKie Trift gladiei^ the two Grindelwald 
glaciers, the Aar, the Reuss, etc., are valleys.of 
erosion. Thee highest peaks are sometimes due 
to the greater hardness of jfhe«r rock ;• some¬ 
times, and perhaps even more, tq the accident 
of their position which has exposed them less 
to the action of erosion. ‘ 

The Aar'massif, as Baltzer says,^ is in fact 
a gigantic torso. 

Indeed, any, one who carefully consklmj-the 
great wall of the Gemmi, or of the Bfiimlisalp, 
towering v)\;er the v^illey of Leuk and the 
Kander Firn, will be convinced that? the 
Jurassic strata form the north limb of a great 
arch extending southwards. 

These remarkable folds throw somp light on 
the magnificent scenery and grand proportions 
of the Bernese Oberland. The Jungfrau and 
Monch pwe much of * their beauty to the 
combination of Gneiss and Calcareous i'bck. 
These, indeed, are exceptiopal instances, but 
the height is probably in great measure due*to 

the extreme amount of compression and folding 

* 

’ BeUr. i. (Jcol. SV. d. Sc/^v., L. xx. 
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which has taken place. "The enormous depth 

0 X ^ X I 

of the comparatively napw valleyS is anotkej: 
remarkable feature of the district,The steep, 
precipices of the Wetterlforn havb a lipight of ’ 
^000 metres. This also is greatly due to %• 
•same cause. The Calcareous ropk (Hochge- 
birgskalk) w|i»h forms the lower pajt of the, 
mountains is very inflej^ble. dFcddipg might 
ip^eed take place at great depthiij but^ncar 
the surface there would be innumerable rente 
and fractures,•whjclnvould reduce itiilmost to, 
tlie ^ate of ,a breccia, and leave it a com- 
•paratively easy prey to atmospheric influences. 



CHAPTER XIX' 

I 

THE UPPER AAR 

^ ' i . 

The Upper Aar from its source to the Hospice 
occupies a longitudinal valley. It is fed by 
the two gfcat glaciers known as tKose of 
the Oberaar, and Unteraar.^ The Unteraar 
glacier, which is about nine miles in ^ngth 
and two broad, has, frbm its consicfei-^ble 
size and level Surface, been selected }br njafiy 
scientifc bbservationsi As long ago as 1827 
Hugi built a hut on it, the remains of 
which were found by Agassiz in 1840, 
having moved forward about 4t300 feet. In 
li841 Agassfe himself built another hut on 
the glacier, long known as the {Totel des 
Neufcliatelais. A, peak visible from the 
Hospice*^ has been nafhed* the Agassizhdm, 
Ml recognition of his valughle researches. ‘ At * 
the* Hospice the Aar turn|i northwards at a 
right angle into a cros^ valley. Thei rocks 
here, ajid down Handeck, are remarkably 
^laciatfed, and the contrast |jetween the lower 
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portion,^smoothed by tlfb glacier, *with the 
rugged and, jagged ^Qcks abovS is vary 
mark^ed. . . . 

* The magnificent Fall of the Aar*at IJ^ndeck^ * 
is certainly onC of the finest waterfalls ip* 
Europe* from its height and thg volume of 
water, the«gjoomy gorge into whicl^ it falls, , 
and the wild characte* cj the wlrole ^scenery. 
J^preover, ’the effect is considerabljf enhanced 
by the fact that another stream,* the Handeck 
or ^rienbacb^ c<|ming from the \fest, falls^ 
into lihe san\e chasm; and that from about 
' ten o’clock to one in the day the spray reflects 
a beaiftiful rainboW. 

The fall of Handeck is not, lil^e so many 
othe^ a series of cascades, but the river leaps 
ov§^^vith a single * bound. This is due to 
the .presence of a hard ridge of*granfte, which 
projects beyond the softer G»efes-granite, 
and Eyed-gneiss. 

Below Handeck, and as far as Guttannen, 
is a broad Hbelt of Sericitic Phyllite. At 
Guttann^ the Gneiss reappears and contindcs 
as far ^ Innertkirchen, broken however by 
another band of Phyllite ,at Urweid, and by 
Jurassic folds* .alfeady mentionod {mite, 
p. J72). , • 

At Innertkircl\pn the Gneiss dips uiide^ the 
THassic-and Jurassic strata, the former repre¬ 
sented by a narrow belt, tlredatter foriping the 
continuation of ^e greS.t wall of the ‘Bsme^se 
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Oberlandl Near tbe junction of the Gneiss 
and^the Jurassic strata the Aar crosses a longi¬ 
tudinal valley, known as the Urbachthal (see 
ante, p. 372) < on the west, the Gadmenthal 
•pn the east. In both cases the lateral valleys 
are at a higher level than that of tiie Aar, 
following the general rule thfit transverse 
valleys , are excavated, more * rapidly than 
longitudinUl, and the result is in each case a 
sharp rise from the Aar valley, that of the 
^Urbach being the steeper of t-he *uWO. * 

Below Innertkirchen the valley of, tlin 
Aar is‘interrupted by a ridge of Jurassic rock, 
known as ^the Kirchet, above which 'it has 
been supposed that the river once formed a 
lake in the depression known as “ H^li-im 
Grand.” Of this, however, there is no OTi;ect 
evidence,*^ and it is possible that the .river, cut 
through th«- ridge ac it rose. Studer^ was 
disposed Jo regard the depression as due to 
an earthquake. In hxct, however, it simply 
follows the normal slope of the river. The 
Aitr has cut* for itself a magnificent gorge, 
300 to 400 feet deep, one of the longest and 
deepest in Switzerland. At both ends the 
rocks ar« much glaciated. ^ * * 

^ Near the upper end is a water - worn 
channel, which runs down by a steep path to 
the present river level. "JChis is an old iourse 
of the rjver. Tho gorge of the Aar used t© be 

1 Oeol. d. Sthweiz. vgl. i. 



XIX 


THE UPPER AAR 381 

« 

regarded as due to fract«re, but tfie whole 

section has evidently b^en cut by* the riVd?^ 

and the characteristic marks of j;iver erosion 

occur from top to bottom.• • • 

Below Meiri»gen the river flows through* 

a broa(i flat valley, which was evjdently once 

much deepor, aiid formed part of the Lake of 

Brienz. On e*aeh side tfc;-e*bold \«ill6 of^ urassic 

i^ck, with •well-marked weather-teitaces.^ As 

in* other cases it is evideht tliat th% 4ake» 

formerly* extwid^d * some distance* up the^ 

valley, in the present instance as far as 

^Meiringen, ;ind that it has been gratlually 

filled Up by the river. * , 

The Lake of Brienz is 9 miles long, 2 

wide, 566’4 metres above the sea, and 305 in 

depAl^ The lake follows tlie lipe of junction 

of» the Ctrctaceous strata on tli® no^th, with 

the 'Jurassic on the soytli. Both •sides are 

precipitous, and the celebrated falls of the 

Giessbach ^re near the east end, opposite 

Brienz, where the stream in a succession 

of cascades descends the steep wail of Juras^lkj 

strata. 'fhe ridge on the north is NcQComian 
• ”, 

capped by Urgouian. ^ ^ 

• iThe Lakes of Bcien# and Thun werQ origin- 
, ‘ally* one, and the level plain upon which 
Interlaken stands^ fiai^ been formed by .the 
deposits, of the Liitschine coming from 
Grii^elwald on t^e south, and of the Lombach^ 

which, drains the valley* of Habkern the» 

• *• 
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nprth. To judge from‘^the depth of the lake, 
th($^ deposits must |je at least 1000 feet in 
fhickness. It is said that until the fourteenth 
eentury the IjutscKine ran into the Lake 
.of Thun, and interfered with the outflow 
from the Lake of Brienz giving c:ise to 
an unwholesome marshy plain,, and that 
the nuns oL the 'Convent of Interlaken 
turned it* into the Lake of Brionz. Tlie 
rAaiv'oli the *-plai'n of Interlaken follows a 
winding 'course, being fii'st^^ difrerteh .to the 
right by the cone of the Liitschinc, and then 
to thfe left by that of the Lombach. The 
original la*Ke, before it was divided by the 
‘formation of the plain, jiassed through a 
narrow gap in a fractured and displaced 
Neocomian ridge, very like that which l^arly 
bisects the Lake of Lucerne at the t\^o Naseu. 

The pocsition of th^.Lakc of Brienz, like that 
of so .man^ other longitudinal valleys, has pro¬ 
bably been determined by its being the line 
of junction between two formations, 
e* Grindelwald rests on a rockfall from the 
ROthihej^rn, which occupies almost the whole 
bottom of the valley.^ To the S.Il). of the 
church,»however, a ridge,, of Dogger corxi6s 
to the surface ; while to the S.E. of thed'ebris, 
and. at the edge of tjie* Jurassic (Malm), a 
narrow band of Flysch extends JE. .. to 
Meiringen. , . ^ 

‘ , * 

^ Moesch, Beitr. z. Ocol. K. d.^chw., L. xxiv. 
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The Grindelwald gUrcicn formerly desceiidcid 
lowest of all the Swiss glaciers, the* end 
in 1868 oiiiy 1080 metres above the Sea. 

late years, however, •it htj^ ^[jonsiderably 
Retreated. Fioim Grindelwald the waif of the. 
Oberland passes west to Meirin^eu over the 
Grosse Scli^idqtik, and east to Lauterbruniien 
over the Kleihe Scheid^cl^. At IjaHterbrunnen 
iS the beautiful Staubbacli waterfall,•one of the 
highest in Europe, the fall bbing# betweCn«800k 
and OCylTeet. • T^e height being so great, and 
the Volume of water comparatively so small, 
is shivered into spray before reachiflg the 
bottom, whence its name, the Difst Stream. 
“It is,” says Byron, “in shape, curving over 
the rock, like flic tail of a white horse 
stre^;^<^^lng in the wind—such as it might be 
conceived would be that of th« ‘ pale horse' 
on which* Death is mounted in the Apocalypse. 
It is %ieither mist nor water, but a someithing 
between both; its immense height gives ^it a 
wave or cuiwe — a spreading here or con- 
dension there, wonderful and indoscribable.’^i 
The Lake of Brienz occupies a longitudinal 
valley, h'ig. 128 shows a section from north 
to '^outh ; from GnggcnhUrli across the* Hab- 
• kenl" valley and the Harder ridge to the, Aai" 
near Interlaken. It .will be seen that ^ the 
valley, qf Habkern is a valley of erosion, and 
that the Harder and Kiedej* Grat is formed 

* JByron’s Journal* 
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by Urgonlan, Neocomian, and lower Cretaceous 
^j^lfrias) -strata cuyving upwards * towards 
the lake, oyer the present site of which 
■ they must at pne time have formed a great 
arch.' The present south cedge of these, 
strata is not their original boundary.* They 
are not the shore of the oretuceous sea, 
but were formed in “a .sea whicli at one time 
stretched * far to the south. The lower 
cretacdbus beds ih fact reappear in patches 



4 % 

and bands along a belt running from near 
Q,ateig, paraWel to, but some distance south 
of the ^iake ; and the Eocene alon^* another 
belt, from the Bay of Uri, by Meinngen, to 
Grind^lv^ald. These nfust* not be regarded 
a» deposits formed in bays or fjords, biiC as • . 
remnants of once continuous deposits. 

'i’he valley of Habl^efn is ali^. cele¬ 
brated for many fr^ments and blocks of,red 
granite,' known .as Habkern granite, which 
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occur al^o in other neighhouring valleys, Jbut 
are here part^culaTly nu^aerous. One of th^nj 
attains §. size of 400,000 cubic metr^.^ They 
^re enclosed in the Flysch* and must tl^^efore 
have been transJ)orted in Eocene times. N«' 
granite ^f this character is at present known 
in the Alps*(siie^ ante, p. 392). , 

^ Along the north of«t^e Lakh df lirienz is 
a, «angc of* hills known as ^the ITarde^. , At 



other side of •the valley, and a little further 
to the wegt, is another similar rafige running 
in the s^e direction. These two are geo¬ 
logically similar, and are in fact parts^ of a 
one?! ^continuous r3i\ge* which has btten dis- 
*located and displaced. The strata composing 
it are inverted; tht; most ancient being ati:he 
top? • • , 

But though, no. doubt, tile* Lakes of .Brienz, 

* Kaufmann, Beitr. Geol. AT d. Schto., L. xxii., pt. T. , * 

2 0 ’ 
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afn4 of Tliun at one time formed a single lake, 
they are of a totally f4iff6renrt character. The 
Lake of Brienz occupies, as we have,, seen, a 
long 4 }i 7 dinal valley. 

' f On the other hand, the Lake of Thun is 
for the most part a transverse valley of 
erosion, c Fig. 127 gives a* sjection across 
the Jugtithal,' between St. Beatenberg and 
Sigri^^yl,Vhich, as will be seen, is ah anticlinal 
Vallby. ‘ 

t The lower end of the Lake of Thun is 
damm^ed up, at any rate in part, by the de¬ 
posits of tjie Bimmen and the Kander. There - 
,is a curioug point connected with the exit of 
the river Simmen (Simmepthal) from the 
mountains near Simmis. Instead of follow¬ 
ing the low ground between the StocKliorn , 
(Jurassic) and the Niesen (Eocen^, it has 
cut a .^oi'gc through the end of the former, 
detaching the Burgfluh (Jurassic) from the 
rest of the Stockhorn, of which . evidently it 
formed originally a part. It is'probable that 
this is due to the amount of debris brought 
down by the Hollengraben and othe^r torrents 
comiijg down fropi the Niesen, which have 
driven ‘ the Simmen "to, the north of the 
Burgfluh. 



CHAPTER XX 

• ^ • 

• ZURICH AND tJLARDS 


The Lak# of ZUricli* is about 26 miles long 
and 8 m widtn, 142 metres in depth and * 
409 aUbve the* sea. The immediate sconery, 

' though,not grand, is soft and rich, with a 
great air of comfort and civilisation* * 



Fio. 12i— View across tlie Valley of Zurich. 


The whole valley was excavate*! by watef 
in pre-glaoial times, and subsequently occupied 
b); the glacier. • s 

Is.we look up tlfe, l^e from Zurich*we see 
• in front the fine rang« of snow mountains fronf 
the Glarnisch to the *WindgaI!e and Titlis. 
The'vaRey on the left is bounded by a ridge 
of M«llasse—the Ziirichberg.* *On the ri^ht are , 
two ridges. The ivearer dnd Ibwer one is* the,^* 
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lut^ral moraine of fhe glacier during the last 
j6e'Age;'the uppeihj'idge is the AMs, 1500 
_ feet in height, consisting of Mollasse and 
•corresponding to the Ziirichberg. The vei^ 

’ (Summit of the Albis is also Gapped by glacial 
deposits, and the glacier extended at one time 
as far as Waldshut. The hotel pn the summit 
of the oUetliberg stands partly on Mollasse, 
partj.y on the Mojaine. 

After a long period the climate improved, 
the glacier retreated, ando tht; melting ice 
caused torrents which cut into and,, redis¬ 
tributed i^uch of the material brought down ^ 
. by the old, glacier, forming great fluviO-glacial 
deposits, more or less ceme^jited together, and 
(see ante, p. 132) known as “Deckensebotter.’' 
Immediately vmder the restaurant at the sum- 
mit of the Uetliberg is a considera^ile thick¬ 
ness pf "this deposit, forming perpendicular 
cliffs, under which are remains of ground 
mo>raine. The deckenschotter/’ being per¬ 
vious, and the ground moraine‘ impervious, to 
water, springs occur at the junction pf the two. 

The- glacier during the Second Iqp Age also 
exte:ij,ded to WaljJshut. It does not appear, 
however, to have stobd^ very long at itsr ex¬ 
treme limit. The ternjinal moraine iS un-‘ * 
known. To this period, however, belong the 
side moraines at Zuge^berg, Hohe .Ronen, 
Gubel, on the top of the Albis range, Hasen- 
" berg, Ziirichberg, etc.- 
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The moraines of the last Ice Agfi are, 
might n*aturally • be e^gi^ected, mdl-e cleariy^ 
marked,^ and have greatly detefinincd the 
sftenery of the district. The laieftil moraine, * 
{\p already mentioned, forms the low range of • 
hills on •the west of the lake, aiyl separates 
it from the SiliU 

The outermost tcrmiital moraine jof the 
l^J Ice A^e is perhaps that at Kftlwan^en, 

I below which is a mass of fiu\^o-gkicial deposit, • 
forming the so*oal],ed*Wettingerfcld. • 

• T 1 i (4 next tjerminal moraine is just below * 
Schlieren. Then comes the great mflraine 
of Ziitich; its 4iighest points* are the 
Muggenbiihl, the hill of the Botanic Garden, * 
the Liij^denhof, the quarter known as Winkcl- 
^ wiey^nd the Hohe •Promenad^. Outside of 
tho ^morihne is a great streatified liiass of 
glacial deposits, and the*whole foriiw a ridge 
whichP constitutes the lower lip of the iJake of 
Zurich. The^ river has cut through the ridgp to 
a depth of 11 metres; tho lake must therefore 
have form^erly stood at that height above its 
present Ifivel, and joined tho Lake of ,\Valen, 
from whi<^ it is only separated by a flat 
plam. # ^ • • 

. • The glacier during its retreat made anothei; 
long halt at Wadci^schv^yl and Rapperschw^l, 
forming pioraines, th^ latter of which reaches 
almost to the wate:^;-levcl, and has been utilised 
for the railway. It bears*a number of cryatici 
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blocks, sbme, and indeed when the water is low 
n^any, of which projgct abov^ the wa%er-level. 

The Lake of Zurich then is a drowned 
•river valley damnied by a moraine. The 
valley of the Linth, as the Upper Limmat is 
called, is a cross valley, the upper lake from 
Utznach to Richterswyl is longitudinal, the 
upper portion of tile .lower lake crosses the 
strata somewhat diagonally, while the rest of 
' the *ldlke and the Lower Limmat is again a 
cross valley. » 

On both sides of the Lake of Zurich are* a 
series of terraces. They are especially con¬ 
spicuous from Meilen to otafa, and at Horgen. 
See ante, p. 214. 

The valley itself, like the others which cross 
the Swiss low country, nu doubt commehe^d in 
pre-gladial times. During, if not before,’ the 
first inter-glacial pedod it was excavated to its 
full depth, i.e. considerably below the present 
lev,el, and partly refilled during the Second 
Glacial period. In preparing th© foundation for 
Ike quay bridge at Zurich, the glacial deposits 
were pjerced to a depth of 40 metres without 
reaching the bottom of the valley, and they are 
estirnated at a thickness of over 100 metres.^ 
Indeed, unless there is some cross ridge of 
w^ich we have no evidence, it follows that, 
as the lake has a d^pth of 142 metres, 
we may, even •^without .allowing for any 

(» * Du Pasquier, Seitr.v. Oeol. K. d. Sehw., L. xxxi. 
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slope of the valley, txssu^pe that tlie dam of 
glacial matter mi^st have as great a« height? or, 
adding the Pi metres, it5 less than 675 feet. • 

• I InA^e throughout spoken of tJiiS valley as! 
that of the Liipmat. As a matter 6f* fact,^ 
Jiowevqj*, it was at one time occupied by thfe 
Rhine, an^ pprhaps originally l)elonged to 
the Sihl; th^ Linth or •Qpper^ Ljjmftiat then 
flowed through what i^ now knoivif as the 
Crlatthal, until the greaft l^hine gky^ier, 
pressing* westwards? drove it unto, the then 
\all^y of the Sihl, and subsequently re-' 

, treating left *the Glatthal a deserted rf/alley, 
only 4:raversed by the little stroum of the 
Glatt. 

The Sihl 

• 

,^With»the history of the I73,ke of Zurich, 
thaf of 'the river Sihl is closely connected. 
Its course is curious, and its fiistoiy very 
interesting. • 

Rising in, the mountains of Schw/z it 
makes straight for the Lake of Zurich. At 
SchindeJfegi it is only 3 km. (less than *2 
miles) frtim the lake, and no less than 350 
ftiotres, or 1150 Jeet.above it. Herev, how¬ 
ever,* the moraine * opposes a barrier whic^h 
the river has foufld insuperable, though it 
oq)y rises to about 12* metres above the fcvel 
of the stream, and *the copsequence was that 

the*Sihl was diverted from iV natural Jjourse.* 

• • • 
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The Upper Sihl^hal, above Schindellegi, 
is a broad, flat valley. The moraine of the 
Lm€h glacier, howeftr, pushed* the Sihl to 
‘ Ahe west‘a|id finally excluded it feom its 
own ‘Valley. *” It flowed by^^ Sihlbriick, and 
Baar, where a broad valley, now dry, lead|, 
towards thd Lake of Zug. This was the 
second course of the Sihl. Its adventures, 
liowevef, jvere not ‘concluded. During the 
Third Jce Age the glacier of the Keuss occu¬ 
pied the J^ake of Zug and gradually built up 
‘a moraine from Menzingen, bast of Sihlbi‘uc,k 
to Mettmenstetten and on to thd north.' 

That this moraine belonged to’ the glacier 
of the Eeuss is proved by pebbles of Eurite 
from the Maderanerthal, pieces of porphyry 
from the Windgalle and of Gotthard gra.nljl;e.^ 

The liver ^thus dammed back, took t^ie 
only course open to it, viz. its present 'bed 
between tfie Albis range and the great 
moraine on the west of the Lake of Zurich. 
The "present—third—course of tlje* Sihl, there¬ 
fore, only ^Q-tes back to the close of the 
glacial period. It is remarkable thdt similar 
eonditiohs, though not so well marked, occur 
with neference to severjil of the other Swi^ 
Lakes: Ibhus the Kander* tias been dammed 
i)ack from the Lake of Thun, and the Arve 
Toni the Lake of Geneva. 

^^Aoppli, BeUr.*z.*Ocol. K. d. S«hw. L. xxxiv. 
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The WaliS^ See 

• 

The Lak^of Walen,t)r Walenstadt, offers Ti 
great contrast to that of Zurich. • It is about I 
10 miles long, 1^ in breadth, 423 metres^bove. 
Jhe sei)^ and 151 in depth. The scenery fs 
grand an(^ s^ern. The south * side slopes 
steeply, and* the north is <%lmost* perpen¬ 
dicular, the cliffs rising to a height nearly 
3000 feet. As will be seen ,by Fig.30, 
the st^’ata arg foldod on themselves^* Beyond 
tJieAi are extensive pastures, which rise to* 
.the eUge of Ihe cliff. The figure shows the 
remarkable contoctions to which •the strata 
have been subjected. * * 

The district fin the south, between the 
la^ Rr\,d the Rhine* valley, has also been the 

SQsft of tfemendous changes. * • 

• • 


I’HE (jtLARUS JVIOUNTAINS, 

The district of Glarus is indeed one of the 
most interesting in the whole of«Switzcrlaii^. 

If we aScend the mountains on the south 
of the Walen See we find everywliere the 
Veirrucano as the j^asal roede ; on it lip •Rothi- 
dolomite. Lias, Bro\?^n Jura, Malm, Cretaceoys , 
strata and Eocene,—all, whenever present, in 
thgir ^ regular order. * But farther to * the 
south all this is ch*anged„apd the strata are 
actilally inverted. The,*newest rock, lE^cen^ 
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is the lowest, and gn it lie successively the 
' CfretaceouSf Malm, Brown Jura, Lias, Efcthidolo- 
ftiite, and Verrucano, v^hich caps Several of the 
* mountain lutnmits. •This inversion of tlfe Strata 
.covers 3, space of over 1130 sq^^ire km., and has 
Ihng been a great puzzle to geologists. ,Escher^ 
who studiea the district wifh great care, 
came to* thj3 (joncluaton that thb facts could 
only be* (ixplained by a great fold, turned 
pvetiis it wefe se as to invert all the rocks*. 

A similar inversion takes pjace ' qn the 
'south-east, so that there is a great dotible 
fold, starting from the Walen* ^ee oh the. 
north, and the Rhine valley,—sayt- from 
Waldhaus Plims to near Chur on the south. 
The facts seemed so incredible that Escher 
hesitated to publish it. •He told Hejra tliat 
if he did, ng* one would believe "it. The 
subsequen«t j.’esearches^ of Heim, which he ’ has 
published in his two great works, the M<xlia- 
nisrmis dtr Gehirgshildung, and the twenty- 
fifth' vol. of the Swiss Beitriige^ seem to place 
it heyond a ,doubt. 

The arrangement will be rendere'd clearer 
by the following section from the Walen See 
to the* valley of thd Rhiiac a^t Waldhaus Film.?, 
a^little above Chur, which'is given in Fig. 130. . 

On Butzistockli, a fairly accessible point 
to the west of the Karpfstock and e^st.of 

the Linththal, Prof. Heim^ shows that there 

. * * * ® 

, * ^ llAta,*j^wret Guide. 
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is a complete series Malm to ‘Verrucano 
(Carboitiferous),.but in reversed order, the older 
rocks lying dver the yoiftiger, and being reduced 
•to about a tenth of their originalUlKckness. • .* 
^ The inverted Verrucano caps severallsolatedj 

•or alnwst isolated, summits, viz. the Ilaifs- 


Culmen LeistSimm Walensco . Sexemor * W»issm»>l« • 



Fia. IHO.—Section from tlic Waleii Sec to llie valley of tlie liliine at 
Walcthaiis Films, a little above Cliiir. M, Mi<so>i,/; K, Koeeiie; (?, (Ire- 
tacooU!%,*J', Jurassic; I), Dojjger; U, Kaiicbwacko; F, Veiriicano. ’ 

stock, tbe Riichi, and the Graue Horner on 
the north,—the |^iz Dart^as, Surrhein^ Vorab, 
Lif]?erstockli, Piz' Segues, Ringelspitz, ejbe., 
on the south, and ^occupies a considerable 
district between the Linththal on the* west 
and the Sernfthar on thc^ east, in all these 
cases actually overlying the, later rocks.^ 
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^ If this* explanatiQU be correct, the Verru- 
cai^O^ which caps the mountains a# shown 
iA Fig. 130, must be *<?ontinued b*elow. That 
'this is so fs ►proved ‘by the section shown in» 
the Taaiiina-thal at Vattis (Fig.*.132), where the^ 
vhlley is actually cut down to the Verrucano.* 
In the eastern district of the, fo^l we find 
' a similar case iu the de^p valley bf Limmern- 

A/ ^ _ 


r I WageTeu. SpiUmeilev'Weissgandstock Hartea Ruehe Ramineifiirkal 

♦ |Weis8-j Schdnbuhl \ Faulenst i IFoostbeklij ^ 

,0 I c! . 


Sardona 
Seheib« • • 
il P. Segues 

Vi. 



Fio. 181,—Section across the Vorder-Rhein-Thal frcnii Weiswncilen to Versaiii. 
X), Dogger; O, Cretaceous ; B, Eocenj, 


to\)el. Heim considers the views from the 

summits of the Hausstock, Ringelko^f, and 

Graue Horner as among the grandest in 

the whdlq Alps. * ** , * * 

,That the Jurassic strata once extended 

far beyond their present limits is shown by 

Fig. 133, giving a section^ across the.Stock- 

^Pintga, where the,fold has pi;eserved a sn^all 

oi)tlier.of either Lias or,, Brown Jura. 

.. » 
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The sections (Figs. T31 to 136) re&lly ena|jle 
one to form^clearer conq^eption of the coyliitp^ 
than even a long description,^ and give a^ 
•general idea of this interesting, district. 

, The root, so to say, of the north fold 
•extends from Fluelen by the ^Linththal lo 



Fia. 132.—Section across tlio Tamlna-tlial from Mels to Chur. ^ 


near GJarus, and thence towards ^Sargans: 
^and the southern border of the northern fold 
*rilns in a slightlj^ cftrveA line say afrom the 
T63 i, by Elm, an<J the Foopass, south of the 
Graue Horner, ayd,a<;ross the Tamina tp the 
lUiiiie valley some distance below Chur. 

.The root of, the south, fold on Jhe west^ 
appears first at^ Panix: and follows'approxi- 




c 
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mately th% valley cf the Rhine from near 
’ Trims to Chur, conc,<?aled, howeyer, by im¬ 
mense deposits of gravel, etc. Beyond Chur 
it cannpt D6 traced^ The north border of 
tlje south fold lies somewhat- south of the 
south border^ of the north fold. The fronts, 
so to say, of the two folds approach nearest 
at the JEfausstock oh the north, and the 
Kalkhorn dn the south ; and again (Fig. 131) 
at the *Foostoek from the north to the Piz 
Segnes on the south. o' * 



Fio. 138.—Section of the Stock-Pintga from Val Rnsein. <i, Bj^own Jiim 
or Liia^.: Triasslc Dolomite; / Carboniforons stmta. 


The formation of the two folds was prob¬ 
ably contemporaneous, though Heim considers 
that the south fold probably commenced first. 

oThe effect of the double fold has been to 
shorten ijie distance between the W?;len See 
and the Rhine valley by 32 km., that is to say 
from km. to 35.^ Th6' pprth fold is 90 .km. 
long with a maximum bi^padth of 16 km., 
the ^uth fold 48 km. long^ith a maximum 
breadth of 13 km. Altogether the strata 
,iare reveled over a<.surface of 1130 square km. 

* Heim, Meeh, d. O^rgabildvng, vol. i. 
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But though we th*us*get a general 
of this • woiiderftil and^ interestiifg distrjc^ 
there are many questions still tp be cleared, 
tip. * The commencemeilt of, the* fplds td* 
the east and west are still obscure, and the* 
«trata are in many places so crpmpled, con¬ 
torted, crushed^ and metamorphosed that they 
can scarcely t)e recogniseld. • • 

,, In matiiy places the ridges are tcry sharp, 
an'd in the Vorab chain ifbova Elm, •in. the 
Sernftiial, th« sl^pe^ calcareous striata form a 
waif ^00 to 1^0 metres high, but very narrow.* 
•At one place the rock has weathered* away, 
leaviiJ^ an opening 16 metres hi^li and 20 
metres broad, known as Martin's Loch. It 
is so.high over Elm that twice in the 
yo^, on the 4th and 5th Inarch and the 
14^|;i an^ 15th September, the siln shines 
through it on to the .spire of .the village 
churth. 

But we jnay ask why is there this extra¬ 
ordinary ameunt of folding and contortion 
in the plarus district between--the Waion 
See and? the Vorder Rhine ? If tliQ, general 
explanation of the structure of the Alps 
wMch has been given in previous .chapters 
be ^Torrect, it follows that the amount nf 
folding in any sec^ioju ,must be approximately 
equal* ,Now immediately to the east and 
*.we^t the great plarus double fold is repre- . 
sented by a number of smaller ones. ^yrtheS: 
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sl^ll it is ‘replaced, a»d ^he necessary economy 
of^pace is**obtained, by means of thd’ Central 
Massives. In fact, if we look at* the map we 
shall see ‘that* in the district of tlie Alps 
corres'ponding to the double* fold, from the 
St. Gotthard on the west to the Silvretta 
on the east, there is no Central Massif. 
The Central Massif Jan^d the double fold are 
complimentary to, and replace onS another.‘ 
In fadfc, in the ‘Massives the central fold 
turns upward; in the Glajrust double fold, 
downwards. , 

The district contains two remarkable cases- 
of rockfallk One belonging to prehistoric 
times, in the® valley of the Linth, above Glarus, 
was from a cornice named Guppen on the east 
flank of the (Jliimisch. ® The aspect, of .^he 
valley between Glarus and Schwanden con¬ 
trasts strikingly with, that above an9 below. 
It consists of unstratified, more or' less 
angijlar, debris of calcareous lg:eccia, and 
the stones show numerous marks of concus¬ 
sion. It ccjisists principally of Malm, with 
a small, proportion of Dogger, Cr^6taceous, 
and Verrucano. It rests on and is covered 
by glacial deposits, alld as in other cases 
darned up the valley and formed a lake.*^ 

T^he other great roclsf^il^that of Elm, was 

* Rothpletz (Oe<^e<Aonische PrMeme) has propounded%notlier 
explanation, based on fauUs^d orerthrusts. Without wishing to- 
dogmatise *on so difficult a problem, thi explanation given by 
Stnder f.n(t Heim seems to me nfost in ac^prdance with the facts. 
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the most disastrous whiclf has occurred since 
that of flie fossberg. took pljfce on*£he^ 
11th of September 1881 from ihg side of 
the Tscningelberg, at a* heiglit^ of yearly.’ 
3i)00 feet. Ov«r‘£0 houses were destroyei^ * 
’amd 11^ persons ftlled. The place is still 
a scene of Miil^ desolation :— 


The Glarnisch 


The *Glarni«ch*is "another complicated case ^ 
o& fdl^ings.^ , It is both orographically and 
geologically a trough. The strata are folded 
on on^ another like an S cut off at the two^ 
sides by the valleys of the Linfli and the 
Klon. ^ Baltzer gives the following table 
shqjjring, the sequence of the .strata on the 

eastern GSarnisch :— 

• * 


Normal Sequence. 


Actual %;fuence on 
the eastern GldrSisch. 


Ecxsene 

. Ui^dtiian 

• •• # 

Urgonian • . 

Neocomian 

Neocomian 

. V«ienginian 

Valefiginian . 

. Neocomian 

UppA' Jura . 

. Urgonian 

Middle Jura . 

, . Neocomian 

Lias • ^ 

. Valenglliian 

Vrias 

. Neocomian 

Dyaa * . 

. Upper Jura 

• * • 

jjlliddle Jura 


. Lias 

• • ♦ . • 

• .• Upper Jyra 


^ BalUier, Ver ^Idmisck. 

2d • 
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Normal Sequence. 


Actual Sequence on 
the eastern Glarnisch. 


' * ... *0 . . 'Middle Jura 

. . . Dyas ^ 

^ ' o • ' . • Upper Jlira 

^ ... . . Eocene 

It will cbe seen, therefore, that the folds 
are ver.y complex. The Eocene, the most 
recent eforftiation o£ ail, is at the very ba^e, 
and*1jjie folds haye, in some cases, completely 
’ sqdeezed ouf particular yitrata. To the east 
of the Glarnisch is the Silbern, wheie Heim 
has found a similar structure, but even mdre 
magnificently developed. 


% 


WiNDGALiE 

The Windgalle group* have been admir-^bly^ , 
describe^d by Heim. The strata have not 
only been folded by pressure acting in a 
direction nearly north-east, but actually for 
a distance of 1-^ to 2 miles .jiihrown back 
upon themselves (Fig. 134). The Porphyry, 
iliough att^ruptive rock, is much mqre ancient, 
and has taken no active part in tl^is remark¬ 
able overthrust. It has been perfectly passive, 
being itself foldecf with th^ other strata, llie 
wjiole region is particularly instructive. 

, At the commencenjeijt pf the Carboniferous 
period the older sedin^pnts, converted more 
or le^s into Crystalline .Schists, contained - 
’• already intruded masses of Granite, and were 
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thrown into folds, forming a mountafin chain. 
Over thdfee sediments admass of jJorphyyfyic 
lava ^was poured from some ^volcano or 
volcanoe*s, the site of whidi haa lio? yejb been 
discovered; and* this lava was subsequently 
oovered*by another series of Cy.rboniferous 
deposits. Before the Permian another period 
of folding occurred, and t|ie folds werq partly 



Pia. 134.—Sectftii of the Wiiidgallc. Gn, Gneiss; i', Prok^no; A, Amphi¬ 
bolite; Sc, Crystalline Schlste; C, CaAoniforous; U, l§blger;jif, Malm; 
F, Fvseh. • 


denuded, during a long period of subsidence, 
in which no Idfes than 500 metres of calcareous 
sediment was deposited. The porpJlyry, which 
now occupies the summit of the Wkidgalle 
a4 a height of 3000 metres* was then covered 
under, a great thicktiess* of Jurassic and*Eocene 
'strata. Finally cam« the foldings which hi^vU 
given rise to the present mountains, in winch 
all *thef strata from the Carboniferous to the 
—Eocene are folded .conformably together. 



■CHAPTER XXI 

'the RHINE 

0 * * 

A 

In prpious chapters I have trg-ced th^ great 
fold *bf Switzerland, not indeed from its 
.commenceipent, but along the valley of 
Chamouni, over the Col (|e Balme, up the 
Rhone from Martigny to Oberwald, and over 
the Furka, It then fofms the Urserent^hal,,. 
and passing over the Oberalp, descends the 
Tavet^ch'-and forms*'the valley of the Upper 
Rhine. 

•To the east the direct route to the Rhine 
valley would be by the Pass da Tiarms, 
north of ‘ihe Calmot. The road,, however, 
rises by a series of zigzags and passes to the 
soutlp On crossing the watershed the glen 
of Tavetsch opens oift.,tIt has a length of 
aly)ut 5 km., and on th« north presents two • 
teiraces, one about 60,^the«other 2 to 3 metres 
above the river. The valley below terminates 
in a narrow gorge near the .village of Sedrun. . 
Below^ the gorge is second broad stretch of 


1} 
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valley, that of Dissentis, \fhich itself* is agaia 
closed by a second gorgQ below. Under *^ 10 * 
enorrgon^ gravel deposits of Dissejit^s are the 
Remains of an ancient forelt. Th^ stuyips of 
the trees, which are still upright, have in somQ * 
places b%en exposed by denudation. 

As in the <;a«e of the Rhone, so a^so here, 
the Swiss maps fail to*c(vivey a cltfir ^dea of 
tEe geological features,, though for’'this J^hey 
are not ^o blame. They naturally gave a* 
separate color* foB the BUndnerschisCs on the, 
scfuth ^f the .river, in which no fossils had 
been found, »and the relations of which* were 
conseqhently uncertain. Recent ^researches,, 
however, indicate Jbhat these Schists belong to 
the Jurassic period, and correspond with the 
, strata on the left of the river. • 

•The border Rhine, which fnay *be con¬ 
sidered as the true Uppei Rhine, is •generally 
stated to have its source in two snjall lakes, 
the Lake de»Siarra, and the Lake Toma on .the 
north flank of*the Sixmadun. The tributaries 
which the, Vorder Rhine receives off the north 
side are of secondary importance (see p. 181), 
byt on the south it is joined l^y the Mittel^hein 
at ^isjsentis, the Soiqvfx at Somvix (Summus 
vicus* the uppermost* village), the Valser Rh^in 
or Glenner at Ilan/* the Rabiusa near Versam, 
the'Hkiter Rhein afc Reichenau, the Plessur 
<at Cihur, the Landquart near Maienfeld, and^ 
the Ill near Feldkjrch. The Rhine repfeaits to* 
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a certain extent, and for the same reason, the 
/icndition of the Aer below Soleure, which 
. also on account of the general slope of the 
counfrj;^ receives all its important tributaries 
' on the south. 

Several of these streams are dangerous 
torrents, and are still rapidly deepening their 
valleys. For instance, the Glenner, which 
drains the Lugnetz, and falls into the Rhein. at 
'Ilahz, is in very active operation. Its valley 
, is a deep notch, almost a goige. The villages 
are situated high above the stream on an old 
river terrace, which in the lower ■ part of the 
.valley has a height of 1000 metres, and at Ober- 
lugnetz of about 1500, above the water.^ None 
of the lateral streams are able to form cones, all 
the material tliey bring down being swept aw^ay.. 
by the Glenner. Under the village of Riera the 
whole,,slope is in a most insecure condition, 
the houses are continually cracking and giving 
way, and have to bo suj)ported and restored. 

The drainage area of the “Upper Rhine 
>iras formerly larger than it is at present. 
The Italian rivers having a steeper course, 
have ,here, as elsewhere (for instance, in tjie 
Engadme (sec p. 454), anddndeed we may’say 
aljNig the ridge of the Alps generally), eaten 
thdir way northwards, .invaded the Swiss 
valleys and carried olf to the south *jertain 
streams which were originall}’- tributaries of the— 

c 

' Heim, Beitr. z. Geol. K. d.^Schw., L. xxiv. 
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northern rivers. The S^cawidra, for iiAtance, tp 
judge frdltn its upper river terraces, fornv^y 
ran by Motterasco and*^reina, into the VaT 
Somvix,* and so to the tlhinQ art Surrhein.* 
Xhe Carassina «gain, wliich now maKes a. 

* sharp t«rn and Hows into the Brenno near 

Olivone, ran north into the \^al Camadra 
and by the* Greina »Pflss to.Val *Somvix. 
'J^iis suggestion may seem at first improbable, 
but river terraces can be traced to a hefgtit of 
2200 t© §400»m(^reS. • 

• I'lip upper part of the Rhine,^ as far as* 
•Dissentis, presents many gravel terraces*which 
probably belong 4:0 the period *whon the 
river was dammed by the great* rockfall of 
Flims., They are not mere river cones, but 

^ rq^ularly arranged terraces, wijh a steep fall 
towiirds the main river. They*carr^ us back 
to a time when the mfv^ses of d«l#ris which 
fell from the sides, or were broughf down 
by the lateipl streams, were subjected to ajiro- 
cess of regular rearrangement, and they attain 
such din^^nsions that the villages all stand *90 
this terrhee. The present state of tjiings is 
very different; erosion prevails over deposition, 
fhe lateral streanvi have cut, and ev^ry year 

• are'cutting, more tlpeply into the terrace, «»<1 
the Rhine itself if^ undermining it, so tha^ xhc 
housQts Jiave in mQ.ny places had to be set 

. baqjc. The foijnation of .these masses of, 

’ lUitimeypr, Eixzeit imd rif.iocmTc nvf Beid^n fifiUn (f<’r tdlpev.m 
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fjebris, their arrangQiuent in a regular terrace, 
aij|l the present period of removal, represent 
l^hree different phases in the historj^ of the 


•river. ^ • 

Though the general line of the river was 
probably determined by the great longitudinal 
fold of Switzerland, the exact qourge has been 


affected by. various ■ circumstances. It must 
be remembered that fhe river originally ran at 
a'grea't height, at least 2000 metres, above its 


present level, and it is th0re:^ore, by ho„ means 
easy to ascertain what determined the^ exact 
line. Moreover, the strata not being horizontal, 
the centre' of the present probably diverges 
more or less from that of the original valley. 

The following figures will, I thinlj, give 



a better,, idea of the stoictpre of the Upper 
RJiine Valley than even a long description*. 

^'ig. 135 gives a section across the valley 
at l3issentis. The river ^uns on a c|,eep bed 
of recent deposit^,, resting on steeply inclined 
(^rystgllme rocks. 
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• At Somvix the stilicVire is similar. Tlje 
next figure (Fig. J.3G) gives a section at 
and shows structure of the Bifertenstock 
and the* Brigelserhorner. • , / * 

From Trun^ to Ilanz the valley fs ex- 
^avate^ in Verrucano, which forms the root 
of the sqjitli, wing of the great Glarner 
double fold \sieG emte, 394)., Above Ilanz 
jfhd below Chur the ViuTucano ns in its 



V, VerrupaiKi; 0 S, Cryst4illin« fi<*hi«ts. • 


natural position, but between the two it is 
folded on itself. *, 

Fig. >^7 gives a part of the doubl <4 fold on 
the Sarddna and the great rockfall at Flims. 

* From Ilanz to (Jhup the* river corresponds, 

. not tb a synclinal, blit to an anticlinal zono; 
and if we consider it^ present position qply 
it is j^ifficult to understand the line it has 
taken. We must^ however,'eydeavour to carry « 
bacll our imagination tQ*a tkne when* it raii 
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at a levdi say 2500 to 3000 metres higher.’ 
{f/we realise this and replace the strata 
which have been washed away, we should 
{see ante, p; 308) find ourselves in the fold a^ 
the base of the south wing of the Glamor double 
fold. This trough determined the original 


Cttlaen '"leistkamm Valmsto,, Seiemor ' Veissmeilen 
' *■ . I 



H’ld. J.S7.—Section fi-om tlio Walensee to the Rhino ValVy at Waiillians Klinia, 
ga little alHive Olmr. M, Miocene; K, Eocene; C, Cretaceous; J, .Jurassic; 
t 1), Dogger; R,»R.anchwacke ; V, Verrucano. 

c 

direction of the river, which has cut down 
to the‘ present antlclitial aj:ch. Originally it 
occupied a synclinal vafley, but its present • 
colfjdition is entirely tl\e work of erosion. 
Waldhaus - Flims staijcfs far aboye the 
, river, in beautifijlc woods, on the site of the 
greatest rockfalL in ‘Switzerland, the date of 
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which is uncertain. fall came* from the 

Flimserltein^ anti the ^piass is nO less .fhaj;! 
700,metres in thickness. Th^ Rliine has, 
*cut deeply into, but ifot ytet* wircjni^li ic.* 
As usual with* rockfalls the surface is vci^ 
mneven* and contains several .lovely little 
lakes. 

^ At Rcichenau and.B*pri^''<^^u5* V^l river 
i^Qrraces are specially well marked. ^ The 
remarkable changes which* appear to have 
tak§n» place* in» the river - system of this 
i^giofl have, been already alluded to {anU\ 
•pp. 187-188). 

S 3 ^onds regarded the valley of hhe Averscr 
Rhine as the finest example of high riviir 
scenery known to him. “ Without,” he says, 
“«gping into details* of description I will say 
that I hpve never seen anything in fhe way of 
high river scenery to eipiial this. «Wie Averscr 
RhifSie beats the Sesia and the Mastalom; 
hollow, and has long odds against tlio streams 
of the Dolomites, which I have always thought 
enchanting. It has a tremendous volutoe 
of the purest azure water, which sometimes 
Jiides itself in cembratufted gorges, sometimes 
sv^ips through grpsSy meadows witfi wide 
swirling curves that hollow out the tui*ty 
margin to their .lijciag, sometimes carvn^ a 
nfarrow monumental way through solid marble 
puse as Parian or Pentelican, sometiipes falls* 
thundering in cataracts.encircled with'agdozeii 
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cbangefurrainbows, sometimes glides deep and' 
splpmn in dark pools,, which make onV3 dream 
,of death apd long to dive in them and find 
the mystery.*’’‘ ’ 

• ^ Below Beichenau are several remarkable 
hummocks ijn the valley, known us the- 
, Rosshiigel, the origin of which r has been 
much discussed. Hdim regards them as the 
remains of a great rockfall. 

‘ The valley here is occupied by gravel, 
etc., of Unknown depth.’ The« conspicuous 
!:>and in the cliff on the left „ side of the 
valley helow Chur is Neocomian. 

The upper part of Chur is built oSi the 
great cone of the Plessur. The Prattigau, 
which lies on the east side of th^ river 
from Chur to Jdaienfeld, ‘is considered to hp 
an area of" subsidence. ' - 

Ragatz^fe celebrated for its hot’ springs 
and the gloomy gorge of the Tamina. 

The valley of the Rhine at Sai^ans below 
Chur divides into two branches. At one 
tilde the river appears to have folloY^ed that 
on the left, and passing through th'e Lakes 
of Walen and Zurich to have occupied what 
is now the course of th^ Limmat and rejoiried 
its nresent course at Waljshul; At present, 
however, it takes the •rigltt branch and so 
joins the Lake of Constancy at Bregenz. •• » 
The ancient glacier of the, Rhine extended 


* Symdnd’a Sibgraphy, jol. ii. 
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* beyond the Lake of Constance ^lnd ev^ju 

invaded* the valley of the Danube. • ,* 

Here, as in the case of the Rhone, ij; is very^ 
•interesting to see how the rocksr forming the 
/noraines retain their respective posilibns to 
•the end. There are some characteristic roc&s 
which are of very local origin. Guyot mentions^ 
especially (1^ the Potphyritic.GfianRe of the* 
yuntaiglab district, (2) the Green •CTranite of 
tte Julier Mountains, (3) the Bfown Gheiss of 
the valley o:^Mcpitdfun. • 

• Puntaiglas Granite keeps always to 

• the west. . One belt passes down the? valley 
of the Lake of Walen, the othdt continues 
along the left bank of the Rhihe valley to 
and b^ond Winlerthur. 

^ Tha Green Juker Granite occujiies the 
ceh^tre. • It comes from the mountains over 
the Upper Engadine, dpwn the Qlwhalbstein 
Rhhie and the Albula, is scattered over the 
Canton of, Thurgau, along the w*est o:^ the 
Lake of Constance, and far away to the 
north and east. « 

The • Brown Gneiss of Montafu^ lies to 
the east. It comes down the valley of the 
In to the Rhine Bteldklrch, extends* to the 
east*of the Lake of,’Constance, and is abundant 
at Lindau, reaching^ f^r beyond Ravensbupg. 

• Thu 9 the Puntaiglas Granite is found only 

^Tluyot, “Sur la ufctributioii des esj^^ceH de roches dans ale 

basin du Rhone,” Bull. Soc. NeuMAdtet, ih>I. i. * * - 

) 
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01 ) the we&t, the Julier Granite in the centre,* 
an<^ ^he Brown Montafun Gneiss on the east. 

^ The J^ake of Constance is 400 hietres above 
•the sea^ ands: 276 metres in depth; it is 40 - 
miles long and covers 208 sqware miles. At 
its west end^ it is dammed up to a .certain. 

^ height by the deposits of the .ancjent Ehine 
glacier. ^T^his, however, would n6t account for 
more than ‘say a quarter of its depth. • 

• It ' Is therefore' a rock basin, and is, in 
Prof. Penek’s opinion, as' h^ h^s b^ei), good 
enough to inform me in a letter, due to changes 
in relative levels, or to excavation by the. 
glacier. ’ » - 


Volcanic District of Hohgau* 

Volcaific pticuomena play a vex-y stil>- 
ordinate p^’t in the ^physical geogi'aphy of 
Switzerland. No doubt the masses of Graoite, 
Porpjhiyry, ‘Syenite, Gabbro, Diorit^ etc., suffi¬ 
ciently indicate the existence of phitonic forces, 
bqt the enosmous denudation which has taken 
place has.long ago removed all the surface rocks, 
leaving only “necks” or volcanic chim'neys like 
those fbiind in Scotland and„ elsewhere. ‘ 

, The district of Hohgau, north-east’ of 
Sclf^ffhausen, is howevey an exception. Here 
there is a group of coni^aratively jpa^dern, 
but extinct, volcanoes (Fig. 138). Some are 
Ijasalljic'—Reidheim, Jlohens'toffeln, Hoh'en- 
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liowen ; others arc phonolitic—HfihentwioJ, 
MagdebA’g, and ‘Hoheniyahen. They app'feaj 
to have been Miocene, as phopoJitiiJ tufts,, 
probably derived from thetn, are iHters^ratified' 
vith the freshwater deposits of Oeningen. , • 
• The •hills rise to a height of, 850 metres, 
steeply on ithe»east and north-east. ^The tufa 
contains angular fragmdjits ofrJiwas^c rock, 
fijt no trace of any post-tertiary^ deposits. 
They are^therefore ^ost-jurassic ^ but allneugh 


• Itnhnikmlirii HoheiitwIcI Hohenhiiwpii lIiilHinii(.ifliAi 



we ftnd basaltic bombs, lava tears, ashes, etc., » 


looking so fjyesh that one might suppose tjiem 
to belong to an existing volcano, it is evident 
that the jieriod of activity had already cea»jd 
before tlfe glacial period. , 

Below* the Lake of Constance the Rhine 
ran no doubt near)^ in its present couj'S’e even 
befcft^e the glacial period, but not exactly. 

At one time it seerqs to have occupied, ehe 
bread, apd now deserted valley of Klettgau. 
Th^ present course has mai^y marks of being 
comparatively recent. , ‘ ’ 
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. Hence the bars oi rock, one of which causes 
,th/. /celebrated and njiagnificent fall at Scliaff- 
, hausen. ,TJiis ridge regulates the height of 
’the L§ke 6f .Constance, which would havfe 
■];)een*much lower if the Bhine had been 
running in ijfcs former bed. *' • * 

, The ]jlay and change of color^at the falls is 
wonderful. • In the jbarly morning, as I have 
seen ^ it ffom the Neuhausen side,* the riy^r 
‘above‘the falfe looked like a smooth, undulat- 
^ing table •of rock, from the l^dg® of which the 
water suddenly seemed to leap, as if tlje rock 
were Struck by a Prophet. As the sun rose 
higher the*upper river became a sheet of living ' 
silver, suddenly dashing down the falls like an 
avalanche, shot with green or springing up 
into the air in ^ shower of sparkling diamonds 
tinged here and there with pink. mi(fd^ay 
the upper^ffeach of the river was deep violet, 

‘ the lower water blue, gleams with greeri*,' and 
the. white foam carried down intQ the depths 
showed much more distinctly, seeming to swim 
about in the blue like water spirits spreading 
out white arms. / 

In^the afternoon the water above because 
almost •black, that beldw, green with scarcely 
blue. Towards sunset it appeared again • 
bluer, and the upper w%t^r lost much of its 
color. • . • » 

In tihe fall itsalf there was less change from 
^our*tO hour. 4t was brilliantly white, and 
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the water seemed to sjfring from roc*k to rocji 
with restless glee. Towards evening, 
ever, greenish tints appeared here and J)here. ^ 
• Af pl-esent the Rhine• falls, app*ear to be* 
undergoing litth^ change. The oldest draw-, 
•iiigs and descriptions give very nearly the 
present details. This is mainly due to the 
absence of salid and grayel. The m’ain work 
of the Rhhie now is—=accumulatioa between 
Chur and the lake; from the lake to iSic*en-» 
trance ,of th<i Thuf little change tis taking 
p]Ucd; and thence to Basle a slow cutting* 
away and wjdening of the bed. * 

The celebrated quarries of Oeniifgen, at the 
west end of the Untersee, are in* freshwater 
calcareous strata 'reposing • on the Mollasse. 
Heer has described no less than 50 species of 
'"^^ebrates, 826 insects and 47^ plants from 
these dejJosits. , 

The valley of the Rhine below Basle, as 
far as Mayence, is a band of subsidence as 
explained in the chapter on the Jura (see p. 
252). The calm and yet rapid rjish of ti^e 
river at Kasle is very impressive, carrying the 
freshness,* and the cool clear waters of the 
nionntains to anifliat® and purify th^j'plains 
. of Gehnany and Hofland. 



CHAPTER XXn 

o EEUSS 

r 

* . 

UN. previous chapters we have rapidly traced 
the gveat longitudinal valley of ^ Switzerland 
from Chantouni to the confines of Germany. \ 

We will* now in the same way consider 
the two great transverse vaiileys of the Reuss 
and the Ticino, which cross the Rho^e-Rhine 
Valley more, or less at a right angle, thiiT 
dividing Switzerland into four approximately 
equal |)arts. 

yhe re*markable evidence of glacial action 
presented by the Lower Reuss ha,s been referred 
tp^ in the chapter on Glacial Phenomena (ante^ 
p. 109)^ the probable origin of the Lake of 
Lucerne has been alluded to in the chapter 
on Si^igs Lakes ^13), and the .'3u^ 

rpunding mountains in thht on the Outer Alps. 

p. 281). ^ * 

!the Lake of Lucerne Ms 437 metres above 
the sea and is 223 metres in depth. From 
an apdaent delt^ of 4jhe Muotta, and remains 
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cff terraces, it would app^ar^ that the waiter onc§ 
stood some 30 nietres above its present 
It would th^ have formed one sheejb with 
^ the Ldke'of Zug. • , V * 

The lake itselj^, as its form clearly indicates, 
nsi no siijiple phenomenon, even like that oi 
Zurich for ii 4 ^ta®ce, but is very complex. The 
surrounding hflls at the Y^e%tern euid<ire/ormed 



Fio. 130.—Section tlirougli the Rigi and Vit^naueratock. 


of Mollasse, thrown as already mentioned into 
two main arches (Fig. 139), running S.E. U\ 
N.W. The intermediate trough, or syjaclinal 
line between them, passes by Krienz, south 
of‘Lucerne, crossing^ nearly the middle the 
, bay, near Kussnach, across the Lake of Zug 
from Immensee to "VJ^alcj^wyl, thence to Eg^!^ 
*and »cri>ss,the Lake Egeri to Schindellegi. 

, Both ^ the Mollasse, arches haw§ their supamits 
* Du Paaquier, BeUr. z. Geol.^K. d. Schw. L. xxxi.* » ^ 
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razed. The Rigi a^nd'Rossberg represent this 
s(juth wing of the south arch, and dip towards 
^ '‘the lake. For the relation of the Rigi to the 
' •Vitzuauefs^ck see awie, p. 286. ‘ ‘ • 

If we look at the map we iihall see that the 
‘Reuss makes a considerable detour by. Lucerne.* 
The original course probably .was by Schwyz, 
through the Lake of ^owerz, ahd the Lake of 
Zug, rejoining its present course by the vallby 
. of thfe Lbrze. A slight relative elevation of 



N.E. Fig. 140.—Slope of the Bigi from the north. 

t5 

the couhtry round the Lake of Zug,''or rather 
a depressfecn further vsouth, probably” gave rise 
to the c^nge, forcing the Reuss to alter its 
direction, and overflow at Lucernf.. 

As already pointed out the?-' old river ter¬ 
races of the Reuss can still be trace^ in places 
below ..Zug, and (see p. 213) slopit the re¬ 
verse^ way to the valley. From this apd 
othe/ ^evidence we conclude that there* h^ 
been a relative elevatioQ of the land,' Vhich 
dammed up the valley, thus turned parts 
of the Aa and the Reuss into lakes-r-the^two 
j branches of the Lake of Lucerne known as the 
.Alpnach See aaid Llrner See. The Bays of 
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Alpnach and KUssnacfi are in fad a con* 
tinuation* of ^the* valley,,of the Slirnen ASa,, 
which, fojms the Lake of Sarnen. ,T]^e £ay of 
, Alpnach lies in a syncliifal vallly between’ 
t\yo cretaceous riflges which unite further west;' 
*to form* the BUrgenberg. Several of the 
smaller baysj ^s*for instance those of Jjangen- 
sand and Winkel, are*dt)e to •the ejiistence 
o^pomparalively soft and destructil^e st];ata. 
The Bay of Uri is a transverse? valley, jftirt* 
of th§ course of the Heuss. • 

•The,BuochsrBrunnen-stretch is a trough,— 
perhaps the eld course of the Engelherger A a, 
when ft joined the lincient Eeuss at Brunnen, 
and continued wi^ it by Schwyz and Zug; 
the portion near Brunnen is, moreover, in a 
lj»clinak The Wag^is-Vitznau, basin on the 
eoiftrary is a “ combe.” The Motlasse (Nagel- 
Hue) of the Rigi slopes to»it on the fft)rt|;i, and 
on tlfe south it is bounded by the /ractured 
arch of the Burgenberg. The Bay of Lucerne 
is excavated ift Mollasse, and is probably the 
most recent portion of the lake.’ 

The l^ke of Zug has somewhat the form 
oj an hour - glass, owing to a bed of, hard 
pudBiygstone which grasses it obliquely to the 
■north* of Immensee. • 

The railway fioflti * Lucerne to BrunnelT 
crossesithe scene of the remarkable rockfall of 
Goldau. The line passes lietween inimense 

' Rijjimeyer, Der Rip. 
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masses o*f puddingatone, and the scar on the 
.Ktossberg from whicl^^they fell is^weH seen on 
the left. ^ T^he mountain consists of ljar<J beds 
‘of sanfistorte^d coliglomerate, sloping towards < 
jbhe Valley, and resting on •soft argillaceous 
layers. During the wet season of 1806 those* 
became ^ soaked with water, a^d'- being thus 
loosenofi, thoissands.'of* tons of the solid upger 
layers suddenly slipped down and swept aci;oss 
"th^ valley, covering a square mile^ of fertile 
ground to a depth, it is*" eatimated, in .some 
places of 200 feet. The residents in thQ neigh¬ 
bourhood heard loud cracking ^and grating 
sounds, and suddenly, abcAit 2 o’clock* in the 
afternoon, tlie valley seemed ^hrouded in a cloud 
of dust, and when this cleared away the whole 
aspect of the .place was changed. The vaUnjt . 
was blocked up by immense masses of rocks And 
rubbish, ^Idau and-three other villages were 
buried beneath the debris, and part of thd’ Lake 
of liowerz was filled up. More than 450 people 
were killed. • 

* * The Bay op Uri 

" . * 

Thje Bay of Uri used to be regarded as, a 

typicaL valley of" fracftiyai The bottqm* is, 
however, nearly horizontal, and it is evid'ently* 
V^iiver valley due to erogion. 

The two sides (Fig. 141) are reflections* one 
of the,other, though, as the, lake runs nearly 
north and south* while the strike of the strata 
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IS south-west by no^jth-east, the corresponding 
po|*tions oj& the strata on the west side^lie some¬ 
what further south thlin those on the east. 

Betwee'hv Kjindlimord and Schwybbogen a 
moraine covers the bottom (jf the lake, an^d 
i^ses within 50 metres of the surface.^ 4 : • * 

The walls of the Bay of Uri ^are formed 
mainly pY Cretaceous sjrata lying on Jurassic 
(Malm, Dogger, and Lias); and thrown infp 
yario*u ^3 folds gind arches. 

As we^ approach Brunnen^frcxm the .west, a 
'magnificent arch of Neocomian^ cappe(| )[Fig. 
141) by Urgonian (on which the liotels of Axen-t 
stein and Axenfels stand) may be seen ‘at the 
bommencem’fent of the Axenroad, and on look¬ 
ing back from Brunnen the counterpart can be 
traced under Seelisberg. -The strata are fold^^ 
back upon themselves, over the sumiAit of'the 
Frohnalp CFig. 141), g^^nd down again in a deep 
trough* at Sissikon where the Cretaceous* and 
Eocpne stlata are perpendicular. ^ This great 
fold shows itself near Bauen on. the opposite 
s^de of the, lake, and the depression continues 
to the west up the Isenthal, and to XltzeUen, 
south of Stanz, and eastwards by Riemenstalden 
across ®^e Muottathal >*an4 up the Starzien 
b^ook. The strata exposed at Sissikok by • 
means form the b^ttoip of the fold. It 
continues much deeper, aqd then, accprding to 
Heim, turns up apd reappears just beyorid,the 

■ * Heim, JBeiir. s. CfiNtl. K. d. Schw ., L. xxv. 
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•Tell Chapel, and at the* opposite side'at Isletegi, 
where Eocene strata again occui*. Suc]^ ' 
contortion is almost inconceivable, .but the. 
•marvellous foldings of thfe NQpc<«niai^ strata,’ 
\vhich we can ste for ourselves, a little further 
«,long the road towards Stutzegg just before 
reaching Klueien, are enough to convince us, 
that it is nof impossiblt?, and Prof, ^eim has 
^fertainly brought forward strong (Evidence in 
favour 01 his view. 

The ^wo P ]VJ[yti\en,” which form a grand 
feature as we^look up the Muotta Valley from 
.Brunnen, consist of Jurassic and Triassift strata 
resting on Eocene; Their structure has given 
rise to much discussion. The Buochserhom 
and ths Stanzerhorn present a similar arrange- 
jjjent, and the probable explaq,ation has been 
giv§n in*chapter xiii. (see p. 29fi). 


Valley op the Upper Reuss 

9 * 

For some distance above Fluelen the valley 
is occupied by deposits of the Reuss. The 
living rock first appears at Amst-eg, from 
which village to Attinghausen the road passes 
Ihtough a Flyscb region of rich acneadows 
and* shady woods; ,’from Attinghausen to the 
Bock brook about; half an hour from Ers^ft^fT" 
is JElochgebirgskalk., 

The valley abpve Fluelei\ has been admir-» 
^ly described by Rutimeyer, from iwho^e 
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memoir ^ Inost of the'following figures are 
t^li^i}. The Upper ^ Eeuss -is a trtinsverse 
^valley, and in fact from Erstfeld to Luino on 
the Lago IVSaggiore” the strike and mineral' 
e^arac'ter of the rocks on both sides of th^ 
valley are very similar. * • 

^ The two sides indeed are so similar that 
in severer cases* line ^f fracture can be traced 
completeljA'across the valley. ‘ 

‘ m Erstfeld thb crystalline rock appears, 
mainly Mica schist, and'' mjcaoeous' Gneiss. 
i\s we look westwards—the j§gged jidg^ 
of the''crystalline rocks are in marked con-- 
trast to the softer outlines "of the calcdtreous 
mountains. 

From Amsteg to Gurtnelfen the prevalent 
rock is Sericitic, Gneiss, with lenticular masse^a-, 
of AmphiDolitG, which stretches awa^ soTjth- 
westwards **by Guttan^en to the Lauteraar- 
horner and eastwards to the Tschingel Glacier. 

At Gurtnellen we come to Protpgine, over 
which the Reuss flows nearly m far as the 
Devil’s ^Bridge. 

At Inschi, a little way above Arhsteg, a 
reef of hard Gneiss crosses the valley obliquely 
The Reuffls is still engaged^ in cutting through 
this barrier. Its upper qdge is covered’ by 
and vegetation, f)ut ,the gorge of the 
river is 200 to 300 feet ^een with ♦vertieal 
^walls. 

’ i/tier i nac-m. iSeebildung. 
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It will be evident to any one* that this 
narrow* gor^e has bee:^ cut by the fog,i[hiijg* 
watpr. Above it is tlie imposip^ summit of 
the Bristenstock, with a fegul^r Alope, of ovfef 
,2000 metres i» height, except where it is yt- 
* dented* by a river terrace, which will be again 
mentioned fwther on. As we ascend the. 
valley we meet otheu (gneiss «ridges, in some 
, places at’fairly regular intervals of 1000 feet, 



Pio. 142.—Section of IleusB Valley near AIn^iteK•’ 


evidently recurrent layers of specially hard 
rock, {n 'proof of this it may be obseiWed 
that eai^h ridge has a weather and a lee side. 

^The weather or upper side is sloping, ground 
aftd polished by ,the* action of ice aa^ water, 
while the side towards the valley has been left^ 
steep and rough., , ••’*^** 

• l^t's^een two o^ these reefs the Fellibach 
falls*into the Rquss. » • 

1 t^r Thal-*H. SeeVtldung. 
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, The valiey of the Keiiss is here at a height 
' of 7^3 metres. A very steep path leads up to 
fhe houses of Felliberg, beyond which the 
inclination t)©comes niuch gentler. ' ' 

• The*^ bridge at PfalFensprung below Wasen, 
leads again across a vertical gorge over hOO feet • 
in depth. Here the Meien Reuas reaches 
the valle^V in a deep Cutting from the high- 
lying Meienthal. ' ", 

The ‘Granite—ot, as it is marked on the 
map. Granite Gneiss of the Upper Rauss— 
is vertically cleft in two directions,. ap< 
proximartely at right angles to one another, • 
and is diVided, moreover,* into horizontal 
layers at tolerably regular intervals of 3 to 
6 feet. This structure gives it a tendency— 
also present, though less pronounced, in th^ 
Gneiss—td break into six-sided blocks. The 
Gneiss of tbkf* Ticino hae a similar character.^ 

It is evident that the valley of the Reuss 
is a, valley of denudation, and the factors 
which have determined its present configura- 
tio?r are rain and water, ice and frost, the 
character,and structure of the rock, and lastly, 
the Reuss itself. The strata strike somewhat 
obliquely- across the valteythey are nearly 
veKbical, and differ greatly ip hardness, forming 
^^8^ across the valley.. These ridges divide 
the valley into a number of small. breim. 
They dam back th& water, which gradually 

i Rolle, BeUr. Is. OeoC^. d. Schtv., L. xxiii. 
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saws through them, and then witR compajfa- 
tive rapidi^ drains the basin above. ,Qu^i- 
meyer represents the pliases of ^this ^equenc^ 
•in ^e*accompanying diagrams,/rep:i^sentiilg 
sections of the walley, which repeat themsel'^os 
over aad over again. 

In Fig.d.43^ I, the river is sawing through the 
rock. When this is Ewsd^mplislied, tlje process 
of widening begins and debris fall*down from 
the sides (Fig. 143, II). (xradwally thVvalley 



Fig. 143.—Section of the Reuse Valley. 

•• * 

bedbmes occupied by debris, througfi which the 
river cuts^ gorge (Fig. 144, III), and having 
done, begin^again to saw through the solid rock 
(Fig. 1^4, IV^ • . • 

Thu^ we have a succession of sawing, widen- 
^ing, filling, removal, and then sawing^again. 

• Qwing to the ji§afly vertical position of the 
rocTss they present J;he same character from*t^a, 
highest peaks to,t^e bed of the river, and^e 
are brought irresistibly to the conclusion, how¬ 
ever incredible it may at "fisst appear,, that tb® 
"^hole valley h^ been«<!ut out by the'riwer. • 
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„The UjJper Reuss is evidently of great anti- 
' cj^uij^y. It is older than the lateral vallej-s which 
^rain ii\to it, for it "cuts across the ranges 
of mountainiii >yhich divide them from one* 
another. It must therefore ibe anterior to^ 
these chains, and we get an inkling howislowly* 
^they must have been raised, because the river 
must haye hadi time ^oor cut down into them 
during their elevation, so as to maintain it^^ 
course. ^ 






Fig. l44.--aection of tho Beuss VaBoy. *■ 

' ' I 

The valley shows cfear evidence of glacial 
action. Tlie hard rocks are in p^ces quite 
polished. This is especially the case with the 
buttresses which stand like doorposts where 
the lateral glens open into the main valley, 
and particularly on the right side of the 
eastern gjens, the left of ‘the western, whe^e of 
course the pressure of the ice was greatest, 
'i^iisong the most beautifully^polished are the 
left doorposts of the G^schenenthal, «> the 
Meienthg.1, and abc^ve all, the ^ornerentha'i. ^ 

.* The hamlet of Felliberg stands on a ridge ah 
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a height of 1543 metfes^ corresponcling to tlie 
terrace above mentioned, which from this point 
of view caif be clearly 1-taced on the mountafii 
»sideS bt)th up and down the mai]^ Galley. 
the projections^t generally bears the la^t'winter 
*d welliiigs( Arniberg, etc.). To it also correspofld 
the other gide.glens, which, with the exception 
of the GOsclffenenthal, the reasyii for*which we* 
»hall see‘presently, lilce*t}>e Fellitiial, after a 
‘cbmparatively gentle slope* dr^p Apidl%mto 
the n^p-iti v^ley, m that from thc^ Reuss the 
^tedp^entrances are alone visible. The sam6 
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diffsrence of level between the main and the 
lateral valleys occurs in the Aar* and other 
similar vaflqys. The steep inclines become 
shorter as -we ascend the Reuss^ an^ from 
a favoujrfhble point of view it can be seen that 
their suftimits form a common terrace with an 
1n«lination less steep dbhaU that of tl^ Reuss, 
so’tlfat if we look* down the valley it becor^es 
gradually higher and higher above the prei^e^ti 
ri\;er^ while on tSe^*otlier hand, if we loolc up 
the talfey, they converge, finally meeting at, 
*?!terdermatt. * * - * 
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This “‘terrace” |he’fefore commences at" 
Andermatt j it can be traced^ along the main 
valtey, as a line or ridl^e on the stfeep side, and 
^descending* gradually, though not so 'rapidly* 
as the iloor of the valley itself, but attaining 
nluch greater dimensions in the side glens. . 

It is obvious that this teri^ce^ represents 
'a former ‘“thalweg” «>f^the Reu^ with much 
less fall‘than it has‘now, and that the rivet 
has dfeepeiled jits valley more rapidly than tHe 
lateral streams, so that these gjens open at 
home distance up the side of the valley, and 
their waters join the Reuss by rapids or 
waterfalls. ‘ o * 

' The And^matt terrace is not, however, the 
oldest or highest. At a levdl of 2000^ metres 
there is a terrace even more ancient, bjit still 
clearly visibly,’ indeed the one which was 
first observed, and wljich was represented! by 
Agassiz long ago in his view of the Bromberg- 
hori^er. Above it the rock surface shows no 
trace of glacial action. * 

, ‘Thef e is ^Iso a third less conspicuous terrace, 
at a height of about 800 metres, on which 
Gurtnellen stands, which represents the lowest 
level to ^yvhich the he has :^ached. Below it 
w§ find evidence of river action only. 

'NajWe have then four^, “ lhalwegs,” all rising 
to tlie south, but with veify different^ iivdina- 
-jbions, the steepest, being the present Reuss 
yalley.r They 9 II epnverge upwards; the 
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•Gurtnellen terrace joina the present Keuss 
level at Wyler, the terrace of the Side vjvJliys 
at Andermatt, the 2000 metre tQrr^ca on the 
shoufdefs of the St. Gotthafd, at Mbnte JFjlbbia^ 
jyid Monte Pros*,. ** 

• Thes« terraces are not of course continuous ; 
in many placesithey have been washgd away ; • 
they have been cut intd, by lateml torrents, 
l^%t here and there thoy app'bar, sonjetim^s on 
one side of the valley, sometimes on the otJlierl* 
These oonditiwis.inaicate successivcf phases in, 
the fii^ory of.the valley—periods of compara¬ 
tive quiescence between others of piore* rapid 
excav£ftion. The two most conspicuous are* 
the present river ^course and the 1500 metre 
terrace. • The other two represent former limits 
o^ce action, the 2000 metres the highest level 
to <iwjjiich "the glacier attained ; die 85o metre 
terrace the level of the,*valley whfjn the ice 
finally retreated. 

RUtimey^ proceeds to consider tiie causes 
which gave ri.se to the phases of rapid action 
and relatiye fepose, in which respect 4ie regard* 
the GiSsclfpnenthal as particularly instructive, 
and he concludes that the^ periods of jepose 
repifes^nt those of ^fteat extension ef the 
•glacidts. This explanation may apply to what ^ 
I would call the t\^ ^glacial terraces, but 
I thinlit(ithe others/ The 1500 metre terrace 
is pi;plJably the le^el of the*valley at a former.' 
time when the river had etequired its re^men 
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and ran for a long period at this level. Therf 
rfialaae a subsequenl^^ elevation; excavation 
recommenped, beginning at the lower end, 
and is, still i in. progress; hence the difference 
'between the slope of the terraces and that of 
the present valley. 

The Gdschenenthal differs froni the other 
lateral ?^alleys, as already mentioned, in open¬ 
ing tq, th^ Reuss Valley on a level. ‘ 

Now why does“ this one valley differ in this 
respect from all the others? The arswer is 
that it is a valley of a different „charact,^r frcm 
the rest. They are due to lateral torrents. 
The GOschenenthal is a tectonic longitud¬ 
inal valley, which is continued across the 
Reussthal, on the eastern side forming the 
Rienthal. 

Prof. Heim has made an interesting calcu¬ 
lation as to the annual denudation in the 
Reuss Valley. He estimates the yearly rain¬ 
fall in the area drained by that river at 
1,070,000,000 cubic metres, and the outflow 
of the liver into the Lake of lyuceme at 
750,000,000. The daily discharge of sand 
he calculates as about 150,000 cubic metres, 
to which he adds a qtia^ter for finely divided 
matter. This would Jbe equal to about 
"iOOO waggon loads a.dg,y According to his 
calculation then the average annual nemoval 
from each square kilometer of surface*'vifould 
be 242 cubic metre?. 
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From the amount o*f material removed lie 
calculates the ages of tli^|erraces as*follo\v« i^-» 

TJpje fjfst or oldest . ytears. 

The second . * 830f )00 y^ajn. 

The third . . 130,000 years. ^ 

The fourth . . . 23,000 years. 

From th# commencement of the excavation • 
of the valleys to the* presents tlfere* would, 
l^S^ estimat’es, be required at* the pr(^sei\jb* rate 
of erosion^a period of 3,750,000 years.* * 

At Gdscheiien*is fhe entrance to tTie railway , 
tiMinel.and abpve it we soon come to the gorge 
of Schollenen, a grand instance of,the power 
of falling water. The road and thp river here* 
acquire their greatest inclination. The road 
winds round a colossal plate of Granite, whose 
injpiediate predecessor in numerous great 
fragments hangs over the river tJb the Devil's 
Bridge, and the Urnerlojfh is bored*1;hrough a 
reef, ^which once extended across tlje valley. 
The gorge so narrow, that an avalanche 
might well block it and flood the Urserenthal 
again, thojigfl happily this is unlikely. • • 

The 2<\00 metre terrace is broad here, and 
iq,tercept8 most of the debjis which fall* from 
the Pa^zberg. 

• Tlfe Urnerloch is# one oi tne wildest and 
most striking scenes, in Switzerland. 
fortitna<:ely of late years it has lost much in 
h^mg-n* interest, fiKBt by the Tall of the ^ictur- 

* Heim^ 3fec. der* Oeh. vol. i. 
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^sque arch of the anfjient Devil’s Bridge, which 
^p^ljaps Was inevitable, and secondly by the 
construction of great'fortifications which sadly 
inar tl;e grandeur of the scene. 

’ ^ Certainly, as Forbes justly*observed, “ there 
is nothing more jarring to the impressions of 
stern grandeur and vast solitude than the not 
unfreqv.ent- occurrence of military works in 
many pa'i’ts of the Alps.” ^ I am far, hcy*v- 
evef, from blaming the Swiss Government; the 
responsibility does not lest with them, but 
with the great military powers which,^if they 
continue their present policy, will .bring Europe 
,to bankruptcy and ruin. 


Urserenthal 

i 

On emerging from the Urnerloch we find 
ourselves'^dn a most ii5‘teresting spot. Suddenly 
the whole character of the scenery changes. 
Wn leave a narrow, wild, precipitous gorge, 
with a foaming river, more or i'ess blocked by 
great *ma!S3es of Gneiss and Granite fallen from 
the mountain sides above; we emerge on a 
tame,* wide, flat, rather dreary plain, with 
totally*different rocks ;‘'the«whole physiognomy 
6f the landscape is entirely different. 

'“‘In fact we find ’ oumielves in a valley 

<> rtf'* 

* Travels through the Alps. When I was last there* the rocks 
were alst desecrated some monstrous advertisements. I Lis-to 
be hdped, however, thtit these are only temporary. 
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of another character* and belon^iig to .a 
different* or(|er of things. We Itave IgfJ 
trans/erse, and find ours^ves in a JopgiXudinal,, 
Valley; we have left a liv(?, and filid oiirselvep 
ip a dead, valley. The Urserenthal is a pa^tr 
’ of the ^reat longitudinal Rhine-Rlione fold 
which traverses Switzerland from easjj to west, 
cut off as it were by tha Pjirka from the Rhone, 
eqd by t]Se Oberalp from Che Rhifte. ^It is 
geologically a deep trough olf Seeoiufary sfratfl 
(see^Fig. 9) forming a fold in the Crystalline 
rocks., The \yidth of the Urserenthal is partly 
due to the softer character of the ^edinfentary 
rocks.* Above Andermatt i^ a small wood^ 
which has been ![eft as a protection from the 
avalanches. 

• Above the Gallery on the Ipft side of the 
Reugs, atid in the TeufelsthaUitseff on the 
right side, there is a lajjer of Serioftic Gneiss 
aboift 300 metres thick. The Protogine ceases 
at the souljb opening of the Urnerloch, nnd 
is followed by about 500 metres of Chloritic 
and Seri^ti?, often Quartzose, vertical •Schlht, 
which d^closes a compressed trough of 
Secondary rock (Triassic and Jurassic)^ The 
Ob^rf^p road is oai .GCheiss, but at the third 
turning is a deposit of black, graphitic shaie 
65 metres in thickpe^s.. * 

Near .Hospenthal are several quarries in 
OT^i^ black l^ias contaiping Belepinites. • 
The Furka Hotel stands on Jurassic* strata. 



438 


SCBINERY OP SWITZERLAND 


CHAP. 


which cah be traceci, with one or two breaks,' 
Jof^lricheli in the Rhone Valley. 

l^e /old must descend to a great depth, for 
it was met with atfd traversed by the tunnel, 
•(Fig. ”93) which here is 300 metres below the 
surface.^ .» » 

From^the Urnerloch to Hospentlial the two 
valleyscross one another diagonally, and at 
Hospenthkl the cross valley leaves the Ursfe- 
renraal a]6.d ascends the St. Gotthard. 

We leave also the band of sedimentary 
strata and find ourselves again on crystalline 
rock. ‘ The broad saddle of the pass is seldom 
entirely free from snow; it is a wilderness of 
ice, and snow and rock, a sort of granite 
marsh. 


St. Gotthard 

The central mass of the St. Gotthard-^ is a 
moi^e or less elliptic mountain cjiain, whose 
ridge and highest summits lio much nearer 
tk® south, than the north boundary. It is 
crossed by two long depressions. One begins 
in the Upper Glienthal, passes by the* Wytten- 
wass^" ^glacier to the Ldke;^.of Lucendro^^ from 
there to the Fortunertha^ and the Sella' See, 
th^.,Val Torta and the. Cai^riathal to the Val 
Cadlimo. \ . « • 

The^summit i§ of Gneiss belonging to ^/he_ 

*' * Fi'itsch. BkUr, z.' Oeol, K. d. Sehw. L. xv. 
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•variety known as Fibbia^ Gneiss, i'lie strata 
strike parallel to the Urserenthal,«and at ilie 
summit are Vertical. • • • 

* North of the Hospice the Gnei^Mips to tho* 
south, at the Hpspice and on *Monte Prosa it 
is perpendicular, while south of the HospiCe 
the dip is,northwards, the south wing being, 
however, smellier than that to tj^e ©ofth. This 
Arrangement therefore give# a typieaf illustra¬ 
tion of the celebrated fan-like structurer •« 

Thg Protpgine <ff the St. Gottlyird closely 
1:^30^11^168 both in chemical composition and 
.microscopical straicture that of the Aaiimassif, 
and tiiey are probably continuous.* 

At and surrounding the Pizz© Rotondo Is 
a masg of GrAnite, which appears to be 
intrusiye. It is evidently less ancient than 
Safi Gneiss, since it contains angulap masses of 
that rods. ^ 

From the St. Gotthafd radiate six important 
rivem : the Rhone to the W., the Rhine to the 
E., the Reuss to the N.E., the Aar to the 
N.W., the Ticino to the S.E., and the^Tocc^to 
the S. W., and though the summit does not now 
attain the same wildness or elevation as the 
*h«ghts of some^other mountain di^tJticts, it 
presents all the other charms and interest, of 
alpine scenery, an(f is,especially interesting as 
tli <ijBntral point of the Swiss Alps. 



CHAPTER XXm , 

the" TICINO 

t * 

( 

A 

The valley of the Ticino, or the Vai ,]jeven- 
•uina, corresponds on the south of the Alps to 
that of,the Reuss on the north. 5elow Airolo 
to Bellinzoha the riVer runs., like the Reuss, in 
a* cross valley, it follows in the main the same 
direction, and like it is cut through crystalline 
rocks. It is of similar age, and is a valley 
of denudation, a child of the same iuin ar.d 
storms. 

At Airolo it crossed a longitudinal valley, 
which to the east is known as the Val 
Piora, and on the west as the tBedrettothal, 
ju&t as the Reuss crosses the longitudinal 
valley of tfrseren, and is joined by the brook 
from the*Oberalp on the east, and tKe Realp- 
Reuss from the west.‘ I» bo^h cases the stream* 
coining from the west is the most considerable. 
Tb^t which drains the Bedrettothal is generally 
considered as the Upper l^cmo, but the (Jirect 
continuation of the Leventina is up the sfream 
of the Ttemola. 
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Yet though the Val feeveiitiiia^correspo^rfds* 
in so mltiiyjrespects to.tilie Keussthal, in*Sftnte 
respects they present great contrswsts, and as? 
•we cross the pass the scenery'changes like 
piagic. The t^o valleys are, in the words r)f 
* 4lutim€^er, twin brothers indeed, but brought 
up in a different climate, and clothed in* 
a different dress. • • ' * • 

The valley of the Ticino* in the ^oldr^ss of 
its features, the grandeur of its dimensions, 
and^thie oeawty •of its coloring, ha*s certainl}* 
luo superior iu the whole Alps. 

From the qujfntity of snow wlwch lalls in 
the u^per valley, fhe frequency o£ avalanches, 

. and the charactei; of the rock, wc see here the 
effects »f denudation on a scale which cannot 
exceeded, and is hardly •equaled, else¬ 
where. * • 

Below Airolo the ^llcy is dfVided into 
successive stages separated from oae another 
by narrow .gorges, corresponding to the hec- 
‘tions already described in the northern 
valley: (JL) x'he short piece betw5en'Airoto 
and Stal^dro, which really forms part of the 
^edrettothal, corresponds ,to the Urse»enthal 
on north side ,ot the mountains: the 
..^.gotge at Stalvedro i» due to a ridge of Gneiss; 

(2) the section from*Stalvedro to Dazio Grailflo; 

(3) lr<^ Monte Piottino to Calonico; and (4) 
the abroad river valley, which again may b&* 
divided into sectiqns frorrf Ohitonico to iBihsca^* 
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, Biasca to Bellinzona, and Bellinzona to the Lago 
Maggiore. , ' , 

. . The river terraces (Fig. 146), or at any rate 
severa] rof them, are well marked in the Val 
Leventina, sometimes in small detached pieces, 
sometimes in larger stretches rendered con^ ' 
' spicuous . by the white Campanile of the 



Kio. 146.—HocWoti across the valley of the Ticino. On the left froiif Fiesso 
(. to Canipolungo; on the right from Plotta to P. nera. 

clyirches in the middle of the Mountain 
village^, 

In many places, however, the ter^hces have 
disappeared, and tl^e sides of the valley are ^p 
steep fhat those whiefi remain are fax; f^om 
secure. The valley has# been the sceAe of* 
m&hy catastrophes caused* by parts of these 
terraces slipping down bodily into the valley. 

The best preserved terrace is that which * 
belohgs to the leveT'of the Bedrettothal." It 
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diverges from the present val|ey level • au 
Madraito, ^nd* bears,,also the villageiS 
Altg,nca (1392 metres), Ronco (*1:^73*), Deggid ' 
(1214)* and Catto (124*4). • H coiwesponds 
.with the terrate of Andermatt on the Reuek 
• In spi1»^ of the destructive glacial action it can 
be traced ropftd Monte Piottino, and below itr 
again fo^ms a broad •terrace, Visfbjie* even on 
,\tnall maps, as bearing tl{e villagfs Osco 
(1164), ,Mairengo (923), PriiAadengo (*97^), 
Ro^siwa (1(W6)^ Oalonico (987), *Cavagnans) 
(102i),.and .Sobrio (1095). Calonico^is cele- 
•brated as t4ie se5,t of the terriblew catastrophe 
of 28th September 1868. From Altanca to 
Sobrio this teripce drops 300 metres, while 
the present river valley falls 900 metres. 
Jlere also, therefore* the figur«s clogely corre¬ 
spond mth those of the Anderfhatt terrace in 
the valley of the Reuss«» * 

The terrace, though not so continuous, can 
also be traeed on the right side of the valley, 
where it su;^orts the hamlet of Nante, and 
the Alp^ of Ravina, Prato, etc.^* aS far “as 
Chironiep. 

, Above this terrace is, a yet higher one, 
(Fig.* 146), specially well marked to the south 
of Monte Piottinoji It supports no chufeh 
villages, Ji:^t some 'winter dwellings,*•'^as 
Temwlgio (1590), 'Molare (1500), Matengo, 

, et^ . • \ 

’Higher still is, the up|)er Racier bouildar^. 
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i-wliich, howe,ver, is only visible on some of the 
h^Dtest peaks on the right side of the valley, 
While the left -side soon dips below it. 

• As in the ‘ valley of Uri, so here again it is 
possible also to trace the lowe't glacier level. 
It is clearly marked at the opening 'bf the 
*defile of Dazio, and below it the narrow 
groove due, fo the sawing action of the river. 

AtoMon^te Piottino the sawing has not even-, 
now progressed sufficiently far to enable the 
river to act fully on the part of the ‘ valley 
above. ^ On the other hand, the same cause has 
increased the fall and conse(|uently the erosive 
power of the, water below, and the position of 
Biasca is in consequence probably somewhat 
lower than would otherwise have been the 
case. t c 

The same Conditions repeat themselves at 
Chironico, hnd we maj’^ look forward to a time 
when the lowering of the ridge here will dYain 
the‘basin of Faido, deepen the cutting at 
Dazio, and even affect the Bedrettothal. 

‘^Shoi'tly above Biasca an enormous rockfall 
took place in 1512. It closed the mouth 
of the valley of Blegno ; and from the railway 
the great scar on the' memntain is clearly 
visible. 

'"The following profiles, giving sections of 
the valley, represent the Successive phases' in 
‘its history; part il. has passes through st^ge 
I.,, part III. through both the preceding. 



ri«? 14 m—C ross Sections oftbeVfUeyofthe Ticino. I., Be«Iretft; II., Piotte ; 
HI., Faido. The dotted line Gl. represents the former glacier; a is the 
terrace of Molare (1.100 inetras); an<l h that of Altanca, at Osco (1160 metros); 
c is the beginning of a new terrace; d is the lower line of the fomiej^l^icr. 

evidmc^ ‘of its foi’mer action, however, still 
repiains in the,smooth concave surfaces of 
rock, 150 feet above the present watferJevd, 
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nefir the second bridge which carried the old 
*r(;^a(\ over tiie river. These can easily be 
distinguished ^ from more '^completely 

polished but con.vex surfaces, characteristic of 
ic§ action. They are very well shown at 
higher levels, and there are few more imposing 
j-cmains of glacier action than in the Ticino 
Valley. ,As in the Revss, the ‘'Doorposts” 
of the lateral valleys, as for instance at 
Osognaj' Cresciano,* Lodrino, and Moleno, are 
highly polished. It is striking to find, these 
clear proofs of ancient glacier action, nol^ only 
among' the Chestnuts of Oaogna, but even 
fijrther down the valley amcng the vine yards 
of Bellinzona, and the Cypresses, Olives, and 
Orange groves of Locarno. 

And this tarings us to another feature 
which makes a great difierence in the general 
appearance of the valleys of the Reuss and the 
Ticino. In the former we have dark fir forests, 
gradually giving place to beech anc| oats, then 
mixed with chestnuts and wheat.- 
.iln the latter we have chestnuts and wheat, 
then vines on wooden trellises supported by 
pillars pf Gneiss or Granite, passing more and 
more into the luxuriant vegetf^tion of the south. 
This plan gives easy access to the fruit, and 
th«>oiground is not exhausted as it is when 
the vines are grown on trees. Moreqvej, the 
fgneiss, though white when fyeshly fractured, 
rapidly assumes a rich brown tint, and weathers 
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iuto rounded tower-like forms. The houses 
also assume more and more thh eliaratjtej- 
istic Italian style of ar^itecture, ^so,different 
from that of the Swiss chalets^ • 

The Canton of Ticino, and indeed tjre 
• whole district south of the Alps from Domo 
d’Ossloa to Chiavenna, consists mainly of 
crystalline rocks, geneiklly Gneiss, .“jud more 
^r less steeply inclined, being thibwii into a 
number of folds, which, however, reljuifc much 
further study. ' * 

. T^e Secondary rocks have been almost 
.entirely removed by denudation^^ bfft their 
former existence' cannot be doubted, aipl 
remains still exist, though so *much meta¬ 
morphosed as to\)e hardly recognisable, nipped 
.p,s it ^yere into some? of the deeper folds. They 
are,still,*however, notwithstanding tlie pressure 
they hdve undergone, more destructible than 
thG> crystalline rocks, and often give rise to ’ 
valleys, as,for instance the trough which forms 
the Val Bed^etto and crossing the Ticino the 
Val Piora f or the Rheinwaldthal a,t Splugeci.*'* 
One'of the most important of these folds 
forms the valley of the Ticino from Jjocarno 
ter Bellinzona, where dt bifurcates, on* branch 
forming the Bregaglia, the other the Lower Val 
Tellina. 

iAt present, indeed, the Lower Val Tellina 


Rolle, Bei^r. z. Geol. K. d. 'Schw., L. xxii^ 
^ Studer, Geol. m 'ScMceiz., vol. i. 
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se,ems to be (Fig. H8) an anticlinal valley.'' 
^ if we carry back our imagination to a 
^ ,time liefpre^ denudation had proceeded so far, 
it is evident that' the present valley once 
followe<i the line of the inclined synclinal of 
Cino. This is also illustrated by Fig. 57 
,(ante, p. 183). • x 

One Ijelt'OffSedimcDftary strata, now, how¬ 
ever, much metamorphosed, can be traced the 



Fio. 148.—Profile through the Lower Vol Tellinn to Lola near Vovate, . 

01, Schiata and Micaecons Rock; V, Vernicano; On, Gneiss ; ,Or, Granite. 

^ ' <• 

c whole way«ofrom Crayeggia in Piedmont, by 

'' ' Gravedona, to Cercino in the Val Tellina. « 

Some of the smaller lakes in thf.se regions, 

as for instance those of Cadagsao and Tre- 

morgia,. ar^>. “ Meres ” or lakes of sinking, like 

those of Cheshire. 

The^ massif of Ticino is now cut through 
by a sesiea of deep and‘'wicfp valleys rupnmg 
like the Val Leventina frojn the north, south- ♦ 
wa:^ds. These valleys pwe fheir origin to the 
original slope of the ground, and mujst ,.be..of 

f reat age, dating obac]k probably far into ^he 
ertiary period, o 
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* Several of the Italia'h ]^akes descend beloyr 
the sea level. The Lago Maggiore*is remaj»k- 
able for its •colossal de^fh, no less tl\an* 655 
metres. * It is in the main m tr^nsyrerse^valley, 
and at the north and south ends the geological* 
• s£ructur^ o^ the two sides agrees. The west 
bank between* Arona and Baveno^ consists 
mainly of .Ci^stalline. ^tfhists, «vh>le*the east 
exhibits the whole series of» subalpihe strata, 
from the Cretaceous to the VeiTwcarib. * *• • 



Flo. 140.—Pmtllo acnma tlie T.«)||^Maggiore In Val ^rzaaca. 


The plain of the Po is probabfy due, to 
subsidence. * |,t is the lower part of the great 
fold of which the Alps form the upper aroj;^, 
and mustfdescend far below the sea level. 

The Alluvial deposits are of great, but 
\fnljnown depth ; at Milan a*boring was s^nk for 
160r nTetres without leaching the bottom,^ nqr 
do we know on what*strata the alluvium reste. 
The li^ces t^ierefore"ij[lay be compared with the 

fiords* of'Norway or of Scotland; they are, 

» { • * • • 

* Bonnoy. Alpine 1888. 

* 2 o . 
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ancient river valleys,’which have sunk far 
,bt^.ow the sea level. 

It i^ p^ol^able that* the plain of Lombardy 
was arm of the sea during parr of the 
• Jce Age, for the manner in v’hich the glacial 
deposits have been evenly spread over-the plain ' 
can hardly be accounted for except by marine 
action. ^ The hill of Pie Superga,’near Turin, is 
miocene, ‘bent into an anticlinal.^ 

‘ I^ig. ibO gives a section across the Ticino 
and Bernina Massives, frOm^Weissberg in the 
north, to Dubino in the south. 



Fio. 150.—Ideal Profile from tiyj Seegebirse acros-s the Tessiner und 
Bernina Massif to the Liro-Massif. 

<rhe L. of Lugano owes its complex form to 
the fact that it consists of two longitudinal, 
ifhd twoi’transverse valleys daidmed up by 
moraines. 

Itois remarkable that the Lago d’Orta 
differs^from the otLer lt|ilkin lakes in Laving 
its outflow, not in the* natural line of the* 
djwiinage, viz. to the s©ut.h«but on the contrary 
to the north. This is du© to the southern end 
being eclosed by« moraine. 

I Penck, Jtmyfh. dbr. Urdobeirfldehe, vol. ii. 


.CHAPTER XXIV 

i 

THR engadinJ: 

The Eiiga*diii^ oi; valley of the Inn •from the , 
Maloja,^ nearly, to Kufstein, is a geotectonic 
valley. The. uppa* portion can followed 
down "the Val Bregaglia, by E(jveredo to* 
Bellinzona, down Ijfie Ticino to Locarno, even 
beyond wiiich it can be traced far into Pied¬ 
mont. , 

Upper Engadme is in tlic* main a dis¬ 
trict of Gneiss, capped by Crystallirft schists, 
interrupted here and there by Grfyiite and 
with trough^ of Sedimentary rocks, so mubh 
altered, however, by heat and pressure as to 
^be almost unfecognisable, but suggesting thaf 
the whole*district was once covered by fos- 
si|jferous strata. , • 

Graijite occupies^ ,cdhsiderable district be¬ 
tween‘Bevers and Fii d’Err (the Val Bevers* 
being cut into it), bqjtli sides of the Julier roatf 
* from# tie pass down* to Silvaplana, a large 
..tract, south of Ppntresina, and agab the . 
massif of the Monte della ^isgi^ia. 
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The Bernina 

The Bi^rtlina is not a comparatively simple 
central mass like that of Mont Blanc, where ’ 
Ve find a compact crystalline nucleus with 
well-marked fan-structure. It is ratlier a com¬ 
plex mafes of ^emi-detached bosses, which were 
long supposed to consist throughout of crys- 
.taljitife rocks; but more complete study has 
shown tl^at these are only a mantle, covering 
a central mass of plutonic ’origin, and itself 
once covered by sedimentaj^y deposits. 

The sd«-called fan-structure can be,traced, 
but is not well marked.^ 

The Bernina Pass itself has long attracted 
attention as having no true watershed. The 
flat summit is occupied by four small lakes, 
at a height of 2220 metres, which iii wet 
weather often unite? into a single sheet, from 
oi^e end of which the water runs north to the 
Inn, and consequently to, the Blabk Sea ; from 
Jiie other to the Poschiavina and the Adriatic. 

The" valley of Pontresina, according to* 
TheobMd, is (Fig. 151) a synclinal between 
two ftiasses of Granite and Syenite. ^ 

, The Inn is a river whi<lh has been deprived 
pf its original source. Ih most cases as we pass 
up a stream to its bri^ih we find the valley* 
becoming gradually narrower and* less deep, 

^ Theobald, Beitf*. z, Geol. K. d. Stkw., L. iii. *• 
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until at last we arrive either at a mere riU , 
on the sfde a hill, at a spring risiAg. 
from Si ^ombe in the hillside, aud*finally at • 
a* ridge which forms the* watershed. •, The 
Upper Engadin^ forms a remarkable excep«* 
*tibn. I:? we look upwards from Celerina 
towards thef I^ftloja we see above us* a broad • 
valley, whiph would appc^ to iildicfate^a great 
ri^r, the source of which must ^be ^qailes 



Pig. 151.—Section across the valley of Pontreslfla. 


away. Instead of this we have a succession 
of lakes, .threaded on a small streanr, and. 
when we* arrive at the Maloja, the main 
valley, still broad and de§p, suddenly# ends, 
andt we find ourstWes on the brink* of a 
’steep * descent into the Val Bregaglia. Thfe 
Engadine is* in fact«, .truncated valley, the^- 
call^ Source of the •Inn is in reailty merely 
one^of the tributaries of the •old main-river; 
and* there is no Ipn abcf^e the Lake of 6il^ 
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the sources of supply having been cut off. Nor 

.isVt^only the main river which haig disappeared, 

• but seyer|il, of the former tributary^ stjreams 
‘ have l^een (Sarried S,way into Italy. ** * 

\ “ If,” says Prof. Heim, to whom and to Prof. 
Bonney our knowledge of these fa5ts is mainly* 
, due, “ w,e imagine the valley* southwards of 
the Majojaf fiMed with cloud, over^ which we 
were looking to the clear heights above, 
bhomd seh a series of valleys, th^e Va|, Marozzo, 
^Vai Albina, so-called from«th« whiteness of 
the water, Val Muretto, etc., qll co^yerging 
towards t!^e Inn, of which apparently they 
.were undoubtedly tributaries. But the* cloud 
lifts, and we see to our surprise that they 
open on the southern side of the watershed, 
and turn sharply down the Val Bregaglia.” „ 
The slops of the Val BregagTia being 
much steeper than thg,t of the Inn (Pig. 152), 
the river^Maira has gradually cut its" way 
baok and appropriated more and jnore of the 
territory which originally belonged to the Inn. 
The waters of the Val Marozzo® upw called 
the Upper Maira, and the Val Albfgna were 
once tributaries of the original Upper In^, 
but hawe been carried? qff. into Italy by tthe 
victorious Maira. Hence«the Upper Engadine 
a^«4he Maloja is from .thg ^rst a bfoad valley, 
because it represents part of the courara of a 
'Stream,which has lost its head waters. » , 

I Though the • evidence is not so striping 





















456 


SCENERY OP SWITZERLAND 


CHAP. 


we find a similar .state of things on the 
XjuJ^manier; the St. Gotthard, the Cenk, in fact 
.most of tlj.e great Alpine passes, and we,may- 
say wijth cciifiiienee that the watershed be¬ 
tween Switzerland and Italy was formerly 
farther south, and is gradually,' though of 
, course vgry slowly, retreating towards the 
north. ^MoTeover, a^’ already raientioned, the 
Nagelflue (’Miocene) deposits of the great Swi,^4 
plain' l)et\Veen.£ the Alps and the Jura contain 
many pebbles which must have com« from 
‘high mountain ranges to the §outh qf the 
present watershed, being formed of rocks 
which do not occur in Switzerland, bilt are 
found in the Italian valleys. ^ 

Another result of the change has been the 
formation of l^he chain of lakes, St. .Morit^, 
Campfer,* Silvaplana, and Sils, wh?6h <jfi»r- 
acterise tl*e Upper ^Jlngadine. Under the 
former regime the flow of water down* the 
main valley was sufficient to cafry off the 
materials brought down by the'lateral tribu¬ 
taries. . !l^ut since the head waters h^ve been 
cut off ajid carried away into Italy t^is is no 
longer^the case; hence the lateral stream|, 
have l^ilt up dams aftr 9 S% the valley,, thus 
causing the chain of lakes., * 

v,Xhe lake at Davos, is^ probably^ due to a 
similar cause, the former thead waters #f the 
.Landwgsser having been captured by the, 
X^andquart. (See anH, p. 187). 
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The Val Bregaglia .and the Upper Kn-^' 
gadine •constitute, as glready me!itione^,**ojje 
great trougn valley. * . • • • * 

The* west half of the ISilser See ^jid bo.lli 
gides of the Vai Bregaglia as far as Nazarina ^ 
•Talc Sihisfs, much contorted. Isola stands on 
a river come^ formed by the stream pf the Val, 
Fedoz. ^The promonidty opposite Isola is a 
^dge of Trias which run^ south-^est^ Jo* the * 
riz Lujjghino. Beyond *t te tlfe north ’is 
Serpeatme ;*th<i north-east of the hike is Mica 
Schi^^abovp which is Granite stretching from 
•Piz Eungen to Piz Munteratsch, ^cro5& which 
passes the Julier ‘Road. It consists of whije 
or pinkish Orthpclase, green Oligoclase, gray 
or whilie Quartz and brown Magnesia, and 
JVIica. • These tints*make it ojie of the most 
bcaiitififl rocks in the Alps. The grains are 
of medium size. It posses the^ valley and 
extends to Pontresina. Both the ^Val Roseg, • 
and that of Morteratsch are excavated io it, 
and it fornfe a great part of the Bernina 
mounta^s,* though the actual anmmit** is 
Syenite5)iorite.^ • 

, The Lake of Silvaplana was no doijbt once 
cc^tijiuous with th^t^f Sils. The flat ground 
on Vhich Sils stands is alluvium brought 
down by the strearq fiom the Val Fex.«»*On 
the left ai^e are Triassic strata, the continuation 
o^those already jnentioned, «and beyond them 

* * Theobald, ^eitr. z. (JM. K. ft. Schw., L. iii. * 
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on^the left of the lake«is Serpentine. On both 
si^ieSe of the Lake Campfer is Grapite,’ and at 
the lower ep.d ^Casanna* Schist. 

'.Fig. 3.53 shows that, as already mentioned, ‘ 
thg! valley of the Upper Inn is a trough. 

When we pass from the Granite of the* 
flulier to tjjat of Pontresina and the Rosatch 



Flo. 163.—Section across the valley of the Inn flom P.Vuller to Q. Surlei, 

we might, at first suppose that the twp banks 
of the Ipn were in dmect connection. This is, 
however* not so, but frdtt\ Maloja to Spairfs 
the Inn runs in a trough ^of Schistose roftks, 
whisk separate the Julier :^Qfn the outposts of 
the Bernina. They are ps-incipally Cas^nna 
Schists. * • • - • . 

c Th« Lake of Sir. M<y»itz has Syenite on the 



XXIV 


THK ENGADINE 459 

west, Gneiss on the nonfcli, and Mica Schist*oi^ 
the south. ^ At Celeri|ia we come on tl^e^ide 
stretch of the Upper *Inn whjcli reaches te < 
Scanfs* At Bevers is thC openifig of^the wild 
.valley of that tiame which is excavated entirely 
' in Granite* The herbage is excellent and the 
flora very*rich, but the valley is uninhabited iu 
winter. , It is almost inaccessible laxoept at the 
"pntrance, the mountains sftrrounditig being ' 

extrem^y steep. • * * * 

JDtring •thek fee age the gteat glacier 
eom^g dc^wn from Pontresina probably 
• blocked up th(? main valley t^ so •great a 
hei^t that those t)f the upper district from tjie 
Julier Alp, Val, Fex, Val Fedoz, etc., were 
driven •over to Maloja and down the Val 
,Bregaglia. Near Celerina is,a mass of rock 
©n.whiffli the church of St. Gian stands; it is 
a quarfer of a mile loijg, and one^eighth of a 
mite broad, and 150 feet high, rounded at the* 
upper end* and precipitous on the north-east 
towards the^ower valley, showing that the ice 
flow wa^ in the direction of the Ina. • On*«the 
other h^nd, at Sils Maria is a similar mass of 
»rock, with the slope towards the nnrth-east 
ajid .the precipiia^q^ ‘side on the so«th-west, 
shoVing that the ice-flow was in the opposite 
direction.. The itfe;sh«d therefore must»ifave 
bee» somewhere near Campfer. Just in front 
of tne great Maloja Hotel are some beautiful 
specimens of Gneiss rodcs moutonn^e^. • ^ • 
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^ *Tiie glacier reachedca height of over 8000 
feRt*f,b^low which the ^Tocks are rounded and 
smooth, while,higher up they are rough and 
jagged.^. 'c c - 

VAt Cinuskel the river diverges somewhat 
to the north of the line of sedimentary”rocks, 
skirting th§m on the left, and for some distance 
has crystallihe rocks on both banks. The 
reason^ Qf this is nbt obvious, but we must', 
refiierfiber ^hat thie denudation has been 
immense, and the deflection ir probabl}' due 
to some cause connected with the strata, which 
have be6n repioved. At any rate from Cinus¬ 
kel to Guarda the sedimentary strata have 
been entirely removed on bqth sides of the 
river, which flows over crystalline rock.- 

At Zernetz the great crystalline boss of the 
Monte Baselgia forces the river to make a 
wide curve, after which ^t resumes its previous 
course. On_ the west side of the mountain 
the lateral streams join the Inn almost like 
the spokes of a wheel on some gigantic axle— 
the'"Ova- Sparsa, Sursura, Susasca, Sagliano, 
Lavinuozy^and Tuoi. On the other hand, the 
original line of the valley, as indicated by the 
strata, passes in a straightej* line to the scoitli- 
east of the mountain. ^ ' 

The mountain itself consists of Gpeiss and 
Crystalline—principally Hernblende-^rSoJaist. 
Isi the .centre of the boss .the strata are 

' ' * Theobald, £eiir, z. K. d, l^chw., B. iii. 
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perpendicular, with 'gj^ping fissufes of gteaf 
depth.* * • * 

The small plateau oY Ardez^is ope*of tl^en 
mo*st Interesting parts of»the Jjiywer !gngadihe. 
^The basis is Granite, which resembles*thal^*of 
► the Jttlier, and in many places comes to the 
surface. , It* is often polished, doubtless by 
glacial actidn. . • . • , 

Fig. \54, representingu, sectioit of thS Inn* 
- ..vv ^ •*••*•* 



lio. 154.—Section across the valley of the Ing atTarasp. 


Valley at Tarasp, shows that the strata are^ 
overthrown into compressed folds and the 
river runs in a synclinal trough.^ 

From Ardez to Kemus the river r^ns betveen 
Lias on the left, and (Haupt-Dolofliite) Trias 
on the right, along a line of diijturbance 
through which ^ Gramite* Gneiss, Serpentine, 
and other Plutonip rocks come to the surface. 

The Liassic rpcks.of this district faiUinto 
iVi^platibns, the •’principal of which is the 
dedp trough which has op. the whple detar- 

• * Theobald, Beitr. zmSeol. M, d. Schw., L.*ii.* « 
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'miped the'course of ^th‘e Inn, and has also 
gyrep rise tO the mineral springs at ^Tarasp 
. {yid S'chuls.^ ^ These are perhaps due to a 
fracture along the line of the valley. The 
teipperature of the water is not hot nor con¬ 
stant, which indicates that they do not come 
^om any very great depth. / .. 

From ^ little beloy.Kemus to Prutz t^e 
river' has Liassic rocks on both banks, which 
below®*l\iarttnshruck takes the form of clay- 
slate, and through which the deep ^nagni/icent 
gorge of Finstermiinz is cut to a dep,th of 
1000 metres. 

Speaking of the lower course of the Inn 
below Landeck, Bonney says^ “Of a valley 
of strike the course of the Inn from I andeck 
to below Jenbach is an excellent exapiple. 
The river 'flows roughly from west vo cast 
for full 50 iftiiiles, bounded on the south by 
the central range of Crystalline rock, on the 
north by the overlying limestones %nd shales 
of the secondary series. It receives the 
drainage,of many considerable late!al valleys 
from the .former, of sundry glens from the 
latter. .The junction of two great rock 
groups, ^fiering so markedly^in their poyeis 
of resistance, has obviously determined the 
initi^ course of the ,riye]{; valley, which 
broadens as the stream descends Ironp ra 
height of,2750 feet,to about 17,00 feet.”^ 

I 109."Bonney’s “Growth niBi Sculpture of the Alps” in 
Tyw*ull Lectures. Roy. Inst., 1888. v 



CHAPTER XXV 

GENERAL SUMMARY 

In t^j)recediiig chapters I have endeavoured 
to trace the causes which have^ led* to the 
present scenery oi Switzerland. , 

In Permian times there w*ere probably 
mountains on tlie site of the present Alps, 
,but this ancient .range was gradually removed 
by, deitudation; moreover the fand sank, 
and during the Pernwan, Liassic, Jurassic, 
and Cretaceous periods there was deep sea’ 
where tb^ Alps now rise. There ^were 
certainly great changes of level, but they 
were anpreximately the same for^the whole 
area, ^ere was no compression, and no 
.folding. ^ 

• That the se^ daring this period must 
ha^ covered the,site of the present Alps 
is proved (1) hy, the fact that we<»jSnd 
no Irac^’of its seuthem shores, no littoral 
deposits.. If tW .existed^ 

pebbles, etc., from them -must have* be^ 
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^ fo\^nd in *■ the Liassic) Jurassic, and the 
"Cjre^ceous rocks. This is not tha case: 
o indeed these rocks (idntain no pebbles of 
Ally kind, and the -fossils in them are indi¬ 
cative '' of deep water far away from land. 
There are no conglomerates or gravel beds 
^between the Permian and the l^pper Eocene. 
Again (S{) ’we find remains of the Secondary 
‘ strata^ protected in the troughs of the folds. 
These sedimentary deposits therefore extended 
completely. over the site qLf the ' present 
mountains, and though no extensive remains 
of these strata now occur in the Central 
Alps, this is%ecause they have been entirely 
stripped awa.y. 

The elevation of the country was due, 
not to upheaval from below, but to lateral 
pressure bwing to the cooling and con¬ 
sequent contraction of the earth. ‘•It has 
been calculated that thb strata between Basle 
and. Milan,* a distance of about 130 miles, 
would, if extended horizontally,.occupy 200. 
Thjre has consequently been a shortening of 
no less tljan 70 miles. 

For some time the central ranges alone 
were a?>ove the wkterj? and the mountain 
torrents brought down gravel and boulders, 
foriping the “ Nagelflpe ” of the Rigi and 
the Central Plain. ‘c .. 

The Alps therejfore, from a geological point 
of view', are v^ry ree^nt. Our Welsh hills, 
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•though comparatively* speaking in^gnificant, 
are far* more *ancienj.^ They *had .t^eu 
mountains lor ages and ages, j^efpre the< 
tnaterials which now coiflpoae Jthe j^igi or' 
tl^e Pilatus wore deposited at the bottopf 
' of the iea. • Indeed, we may say that it is 
because th«y are so old that they l^ave been 
so jtnuch ^worn down :• ^he Alps 'thomselves 
^e crumbling, and being Washed a\vax i and 
if^ no fr^h elevation takes place,* the timb 
will^cotne wken.thby will be no loftier than^ 
Saowdpn or Qelvellyn. 

• They have already undergone endrmous 
denudation, and it has been shoWn that 
from the summit of Mont Blanc- some 10 
to 12,00^ feet of strata have been already 
removed. The , cohglomerateg of Central 
Swilgerlahd, the gravels and sands of the 
Khine and the Ilhongf the Danube and 
the <Po, the plains of the Dobrudscha, of 
Lombardy,, pf South France, of Belgium and 
Holland, once* formed the summits of Swiss 
, mountains. •This amount of denudation giVas 
^ us, I wijj not say a measure, but .at any 
i;p,te a vivid idea of the immense tim^ that 
must have elapsed giflce l;he Alps rone out 
• of tli5 sea. , ‘ • 


Denudation beg^.as.soon as the land nose 
above ^hejsea, and the main river valleys were 
„jexc8,vated. • Then pame a period of cold known^* 
as tSe Ice Age or Glacial*period. 

* 2 H 
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. Kound" all the high mountains, and over* 
of thfem, are great fields of ice and snow, 
c terminating in glaciers. These, however, are 
’ l^ut the ren^nants of a much larger sea of ico 
“which once covered almost the whole countrv. 
The glacier of the Rhone for instance d'^scended ' 

, the Valais, filled the Lake of Geneva, rose to, 
what is,-now, a heiglic jof 1350 meti;es on the 
Jura,, g,nd*then dividing, sent one branch as far 
as l5yons,'fand a second along the Aar^to Wald- 
shut. Th'c Glacial period, lipw'^ver, v’^as not 
"continuous, but interrupted by at lea.st two 
periods of, more genial climate. . The mass of 
material ■ brought down from the mountains 
partially filled the river valleys (which have 
not even yet been entirely re-excavated), 
formed ^reat moraines, and Js spread in thick, 
but irregularjt masses over all the lower ground. 

The riwrs of Switeerland run mainly in one 
of two directions, the first from south-west to 
north-east", or vica versa, following the strike 
and original folds of the strata, and the second 
atf right ,,angles to it. Many, indeed most, of , 
the prmcipal rivers, take first the one and 
then Jhe other direction in different parts of ’ 
their ^lourse. In somfs ^c^es the rivers cut 
through mountain ranges as for instance the* 
Rhone between Martigny and the Lake of 
Geneva. This probablj* indicates., that the 
river is older than the mountain, range, and^, 
cut through it as it rQse. 
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* The river system of Switzerland was, how¬ 
ever, at firsts very differgn^t from tfic prosc^t." 
The Vosges and the Black Forest •were conr I 
Cinuous, the subsidence which-new separates^ 
them not havirf^ yet taken place, so that tlift* 
Rhine \%lley at Basle was not in existence. 

Nor had ^Ifc gorges by which the Rhone 
finds its ^xit througli't^e Vuache^y%t b^en 
fpymed, and the consequence was tliafe the 
whole dr(^inage of Switzerland •norfh of*the 
Alps, f^uud fcs way by the Danvfbe to the • 
Black ^a. Fpr some time after the subsidence 
of the Basle 'Valle5^ had taken placet the upper 
water^of the Rhone still joined tin; Rhine, and* 
ran over the plains of Germany to the North 
Sea; finaMy, however, it broke its way by the 
lilprt de* L’Ecluse, «and falling into tfip Sa6ne, 
runs .to tje Mediterranean. Another general 
change in the river sysj^m is thaf the crest 
of tlfe Alps has retreated northwards. The 
southern slope being much steeper than tRat 
to the north,* the Italian rivers have more 
* power of, erosion than their northern "rivals, 
,and are ^gradually eating their way back. 
The Upper Engadine a conspicuous 
exa(nple. , , • • 

• MSny minor changes have taken place’: 
partly (l) Ijbrough tfocent changes of level^^s 
for ki^anae that whifch has diverted the Reuss 

^roifi its old. course by the Lake of Zue, and.* 
driven it round by Luo^rne ,* partly by* 
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c rival rivers deepeniag and extending their'’ 
*rakeys, and thus appexing territorj^ which 
*1 previously, belonged to others: for instance, 
the Landquart has robbed the Landwasser 
of its head waters and carried off the 
Schlappina', the Vereina, and the Sardasca; 
partly (3) by dams due to ‘river cones or 
glacial mpi-aines, as for instance the Limmat, 
whi^ewas driven,*'from the Glatthal and tj-'e 
Sihr from^the “valley of the Lake of Zurich, 
r The lakes which contribute scv mucl? to the 
beauty of the country fall into several diiferent 
categories, f- ‘ . 

• 4*1 

1. Some'are due to the inequalities in the 

glacial deposits; as the numerous small 
pieces of water in the curious*(^istrict of 
the P^ays de Dombes.' * 

2. SonfcB are due tq subsidence; strata, gene¬ 

rally those of' gypsum or salt, ha,ving 
«* been dissolved and removed; as for 
instance the Lakes ofoC5adagno and 
. Xremorgia. 

3. Some are dammed back by ri\er cones, 
t. as the lakes of the Upper ffingadine^.; 

«' or by moraines, as^tlj.e lakes of Sepapocli, 

Baldegger and H^lwyl. 

The origin of the larger Swiss lakes has 
c been the subject ®of much disc^seion. 

•' The opinion now prevalent among Swiss,,,, 
geologists is tiiat they are mainly^due 
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to recent changes level, &nd are in 
feet frowned rivejr valleys. * 

EVefl more striking than exquisite* 

beauty of the, lakes is the grandeur* bf the 
iTistoryJiihey unfold, and of the causes to whi^ 
they are dqe ; ^nd indeed, in contemplating the 
general ScenSry of Switsierland, wo c*a|inot but 
bfe profoundly impressed .by the* enornfous 
magnitude of the changes, and J:he *rre^iktibile 
forces jvlnch Jiave been brought intQ operation. 

, Those forces liave affected the general con-* 
bguraliSn ©r tho Earth’s surface. Attention 
has often been caljed to the fact tRat so many 
great masses of land point southv^rds—Soutli 
America,^frica, Tndia, etc. 

Many of the peninsulas, moreover, have an 
isl^ftid, o# group of islands, at tbpir Extremity, 
as ^outh America, whicl^ is tcrmin^itted by the 
group of Tierra del Fue^o ; Tndia has Ceylon ; 
Malacca has Sumatra and Borneo; the southern 
extremity of* Australia ends in Tasmania or 
Van Diemeti's Land; a chain of islai\jds riyas 
from th^ end of the peninsula of^^Aliaska ; 
jGrreenlaiid has a group of islands at its 
extremity ; and Sicily lies Close to the sputhem 
teftoination of Italy.* 

Some years a^o I,ventured to suggegt * 
th£\|; ye mfght corr^ate this with the ‘remark- 

*^(Uure, 1%77. Se^ also a paper ijJ the Joum. ^py. Oeogm^ 

iSoc»^ ^ A 
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' does not sink, still, the gradual preponderance 
of wat^f wopld produce^ the same Meet. ^ #• % 

It moreover, the central mq,uijfcain ridge,- 
^s fe so generally the ca^, presents series 
of detached summits, the last of such clevjj,- 
tions whicK rises above the watet level will 
necessarily* form an island. • This, suggests o 
a ^possiljie reason wh}f, Africa, 'imiike the 
Jejlier south-pointing lands, has ho.,^sland 
at its extremity. They are «foldfed rahgeS. 
The. Olipe oi G»od* Hope, on the eontrary, is 
a* ta|jlf^ mojintain, bounded by two con- 
verffinsf areds ol* subsidence whi^h rifleet at 

o O , 

Capefown. • , 

Lastly, in tljo third case, the gradual 
diminution of water would tend to neutralise 
the, eflfcct of th^ slbpe, and it the two were 
e<^al, tile land would form—not a pointed 
peninsufa, but an oblong tract. • 

So far as I am aware, no noti(ie has been 
taken of this suggestion except by Hrof 
Penck, who characterised it as self-evident. 
Howevei; tins may be it had not be^n previ¬ 
ously pointed out, and indeed an objoction, to 
•which for long I saw no answer, was suggested 
tojnewby Mr. Fra^c^p Dalton. He urged that 
no accumulation of water in the northern 
hemisphere would igive* promontories gpintiog 
to thf north. I tried various hypothetical en- 
>. laigementi of th^ northern ^eas, but yi vain.- 
The explanation lies, I think,-in the ndeeusary 
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' equivalence of the gi^eat folds on the Earth's* 
' prf/ice. • ' . ‘ f 

f o If fqlded mountains are due, as above 
'suggested, a diminution of the diametei 
©j the Earth, every great circle must have 
participated equally in the contraction. The 
, east and west folds would on fthe whole 
counterbala/ice to thvsp from north .to south. 
This must be so ‘theoretically, but we have 
no means ■ of testing it by exact figures. It 
is interesting, however, to observe that while 
the mountain chains of the Old World run 
approximatfily from east to west, those of 
America are in the main north and south. 
Speaking roughly, the one series would seem 
to balance the other, and we thus got a clue 
to the remarkable contrast presented by the 
two hemispheres. Again, in the ‘northern 
hemispherei we have chains of mountains 
running east and west—the Pyrenees, Alps, 
Carpathians, Himalayas, etc.—while in the 
southern hemisphere the great chains run 
nojfth to ^outh—the Andes, the African ridge, 
and the,grand boss which forms .^ustralia 
and Tagmania. , 

This^i then, seems to me Jhe answer to t^e 
difficulty suggested by ^Mr. Galton. ‘^The 
mQy,ntq.jps in the southerii, hemisphere run- 
ninjff north and south give us when qom^ified 
with the prepond^ance of w^ter the southern 
pointing promontories* No such preponder- 
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* ance\ however, in the,northern liemispharej 
woul^*givj us northern pointftg pro|io|- 
tories, because there tlie great Jojd^ run nol 
•frofti north to south, but ftoin,e{J^t to^west. ’ ’ 

, Thus, thei, the explanation of grjat 
•mountiin Hdges by lateral pressure and con¬ 
sequent foldkig, coupled with the^ nicessity. 
of,appr(^iinately equiji^Jlent contraction along 
/every great circle, explams the%aljqce of 
east an^ west and north to »out)l chafes In 
eacji hemisphei^, find this again, ^n conjunc- 
^on ith t^e preponderance of water in the 
•south, explains the tendency of Jand* masses* 
to taper southwards, and end with'an island 
or group of jslands, thus throwing an 
interestiig light on some of the principal 
features in the ,coftfiguration ^of the Earth’s 
surplice.® 
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